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which  the  stream  was  focused,  became  hot.  As  a  result  of  these  and 
other  experiments  Crookes  maintained  that  the  luminous  stream,  of 
(ieissler  and  Hittorf  was  composed  of  minute  particles;  to  this  stream 
he  gave  the  name  cathode  rays. 

The  w^ork  of  Crookes  excited  a  great  deal  of  interest  and  many  emi- 
nent physicists  began  to  study  the  cathode  stream.     In  1892  Hertz 
placed  discs  composed  of  various  substances  in  the  path  of  the  cathode 
stream.     In  this  way  he  determined  that  the  cathode  rays  would  pene- 
trate a  very  thin  piece  of  aluminium  foil.    In  order  to  study  the  cathode 
rays  outside  the  tube  Lenard,  who  had  been  working  with  Hertz, 
sealed  a  piece  of  aluminium  foil  in  the  large  end  of  a  Crookes'  tube.    He 
at  once  determined  that  the  radiation  passing  through  or  from  the 
aluminium  window  was  able  to  penetrate  substances  that  were  opaque 
to  ordinary'  light  and  after  passing  through  such  substances  it  was 
capable  of  causing  a  fluorescence  of  the  platinocyanide  of  barium. 
Furthermore,  he  noted  that  this  filtered  radiation  was  capable  of 
affecting  a  photographic  plate  in  much  the  same  manner  as  ordinary 
light.    It  is  possible  that  the  Lenard  tube,  or  a  modification  thereof, 
will  some  day  be  of  therapeutic  value.    In  recent  years  it  has  been 
found  that  the  beta  rays  of  radium  vAW  effect  certain  results  that 
cannot  be  duplicated  with  x-rays.    Inasmuch  as  these  beta  rays  are 
identical  with,  although  more  penetrating  than  the  cathode  rays,  one  is 
led  to  believe  that  the  latter  would  possess  a  similar  therapeutic  value 
if  it  were  possible  to  employ  them  for  practical  purposes. 

Lenard  was  under  the  impression  that  all  the  phenomena  obser\^ed 
by  him  were  due  to  the  cathode  rays,  but  as  pointed  out  by  Caldwell 
and  others,  there  can  be  little  doubt  but  that  Lenard,  Hertz  and  other 
investigators  had  actually  produced  aild  observed  a*-rays  but  had  failed 
to  recognize  or  isolate  them.  This  great  feat  was  left  to  the  fortunate 
Roentgen.  As  a  matter  of  fact  several  physicists  \\ere  investigating 
the  mysterious  fogging  of  light-protected  photographic  plates  in  their 
laboratories  when  Roentgen's  discovery  was  announced. 

In  the  latter  part  of  1895  Roentgen  was  actuating  an  ordinary 
Crookes'  tube,  with  a  concave  cathode,  which  he  had  enclosed  in  a 
cardboard  box,  when  he  noticed  that  some  crystals  of  platinocyanide 
of  barium,  lying  at  some  distance,  fluoresced.  He  then  placed  various 
objects  between  the  source  of  radiation  and  the  barium  salt  and  soon  • 
ascertained  that  the  mysterious,  invisible  radiation  would  penetrate 
any  material  in  accordance,  roughly,  with  its  density.  He  determined 
(erroneously)  that  the  radiation  could  not  be  refracted,  reflected  or 
deflected.  It  was  obvious  to  Roentgen  that  this  radiation  was  not 
the  same  as  the  cathcxle  rays  of  Crookes,  Hertz  and  Lenard.  After 
ascertaining  that  the  new  radiation  was  devel()j)ed  on  the  glass  wall 
of  the  tube  at  the  point  of  contact  with  the  cathode  rays,  he  endeavored 
to  determine  the  exact  nature  of  the  new  radiation,  failing  in  which  he 
modestly  termed  it  the  .r-rays,  probably  on  account  of  the  significance 
of  the  letter  X  in  mathematical  formula?.     By  suitably  protecting 


The  x-rays  19 

photographic  plates  from  ordinary  light  Roentgen  was  able  to  obtain 
shadowgraphs  of  various  opaque  objects  including  an  image  of  his  own 
hand  with  a  silhouette  of  the  bones.  This  was  really  the  birth  of 
roentgenography.  At  the  same  time  he  coated  a  piece  of  cardboard 
with  an  emulsion  of  barium  platinocyanide  and  used  it  as  a  fluorescing 
screen  or  fluoroscope — ^the  birth  of  fluoroscopy. 

Roentgen  communicated  his  great  discovery  to  the  world  through  the 
medium  of  the  Physico-Medical  Society  of  Wiirzburg  in  December, 
1895.  The  communication  was  at  once  published  in  every  civilized 
country  and  the  news  was  received  with  astonishment,  interest  and 
delight.  Physicists,  electrical  engineers  and  practical  physicians 
immediately  began  to  experiment  and  investigate.  The  power  of 
electric  generators  was  increased;  induction  coils  were  wonderfully 
improved  as,  also,  were  static  machines.  But  as  pointed  out  by 
Caldwell,  Mr.  Herbert  Jackson  made  what  was  probably  the  greatest 
single  step  of  the  time  in  the  way  of  a  practical  addition  to  the  necessary 
apparatus.  Making  use  of  Crookes'  discovery  that  the  cathode  stream 
could  be  focused  and  intercepted,  he  focused  the  cathode  rays  on  a 
platinum  disc  placed  within  the  tube,  thus  creating  the  first  real  focus 
tube.  In  an  incredibly  short  time  ^-ray  operators  were  making  routine 
examinations  for  fractures,  dislocations  and  foreign  bodies.  • 

During  this  practical  work  and  scientific  investigation,  several  experi- 
menters noticed  that  after  a  prolonged  exposure  to  a--rays  an  erythema 
of  the  skin  was  produced  and  in  some  instances  a  dermatitis  and  even 
deep  ulceration  occurred.  This  was  recognized  as  an  a:-ray  reaction. 
This  biological  efiFect  particularly  attracted  the  interest  of  ShiflF  and 
Freund  and  it  was  only  a  month  or  two  after  Roentgen's  announce- 
ment that  they  suggested  the  use  of  the  x-rays  in  the  treatment  of 
disease.  This  was  the  birth  of  roentgentherapy.  The  first  therapeutic 
attempts  were  made  in  nevus,  hypertrichosis,  cancer  and  tuberculosis. 

Within  a  few  months  the  medical  press  was  literally  swamped  with 
accounts  of  the  more  or  less  successful  treatment  of  various  maladies 
with  the  x-rays.  The  fact  that  the  new  agent  seemed  to  exert  a  bene- 
ficial effect  on  malignant  tissue  led  to  the  immediate  belief  that  there 
was  at  last  a  cure  for  this  disease.  And  the  same  was  true  of  tubercu- 
losis. 

The  history  of  roentgen  therapy  can  be  divided  roughly  into  three 
eras — optimistic,  pessimistic  and  realistic;  this  is  particularly  true  of 
this  country.  At  first  enthusiasm  and  carelessness  overcame  caution. 
Many  physicians  installed  apparatus  and  attempted  to  employ  the 
x-rays  for  practical  therapeutic  purposes,  without  making  a  study  of 
the  subject.  Even  the  scientific  and  conscientious  workers  did  not  at 
first  realize  that  they  were  dealing  with  an  exceedingly  dangerous  agent. 
It  was  natural,  therefore,  that  many  patients  received  serious  injuries. 
Not  only  were  patients  injured,  but  operators,  by  repeatedly  testing 
the  penetrability  of  the  rays  by  inserting  their  hand  between  the  tube 
and  a  fluorescing  screen,  developed  an  erythema  which  in  many 
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instances  led  to  serious  sequelae.  These  facts,  together  with  the 
discovery  by  Brown  and  Osgood  that  sterility  was  produced  by  the 
ar-rays  naturally  caused  operators  to  be  a  little  more  cautious.  How- 
ever, optimism  reigned  until  about  19Q6.  During  those  years  the  rays, 
to  a  large  extent,  were  empirically  used  and  they  were  tried  out  on 
nearly  every  chronic  disease.  The  literature  was  misleading  as  it  was 
full  of  case  reports  of  wonderful  cures,  the  occasional  paper  from  the 
pen  of  a  good  man  being  ignored  or  overlooked  by  the  average  a:-ray 
operator  of  the  period  and  in  spite  of  repeated  warnings  from  capable 
men  the  "radiomaniacs"  held  the  reins. 

It  was  soon  found  that  the  a'-rays  were  capable  of  producing  a  cure 
in  only  a  certain  percentage  of  cases  of  the  basal-cell  t>T>e  of  cutaneous 
epithelioma,  that  it  was  exceedingly  unreliable  in  malignant  cancer 
and  that,  in  any  event,  it  did  not  replace  surgery.  This  was  a  keen 
disappointment.  The  a'^rays  proved  practically  useless  in  pulmonary 
tuberculosis.  This  was  another  great  disappointment.  Finally  the 
lay  public  and  even  the  greater  part  of  the  medical  profession  not  only 
lost  faith  in  the  therapeutic  value  of  the  the  ar-rays  but  considered  them 
an  exceedingly  dangerous  and  almost  useless  remedial  agent.  During 
this  early  period,  there  were  some  very  curious  theories  advanced. 
For  instance  it  was  claimed  that  quinine  and  other  phosphorescing 
substances  given  internally  caused  diseased  tissue  to  respond  more 
readily  to  the  beneficial  influence  of  the  ar-rays.  The  Cornell  tube,  a 
tube  of  lead  glass  with  a  soda  glass  window  patterned  after  Piffard's 
well-known  tube,  was  said  to  be  incapable  of  effecting  an  a^-ray  reaction 
providing  the  soda  glass  window  was  placed  against  the  skin.  Another 
roentgenologist  asserted  that  a:-ray  *' flashes*'  or  visibly  intermittent 
a'-rays  produced  superior  results  and  were  associated  with  very  little 
danger.  Another  theory  brought  forward  was  that  the  a:-ray  reaction 
was  caused  by  glass  being  carried  from  the  wall  of  the  tube  into  the 
skin.  In  fact  the  literature  contained  many  erroneous  and  even 
dangerous  theories.  The  unverified  accounts  of  marvelous  results, 
the  injurious  effects  observed  as  time  went  on,  the  fact  that  there  was 
no  satisfactory  method  of  estimating  the  amount  of  radiation  admin- 
istered, and  because  the  earlier  claims  were  not  substantiated,  finally 
resulted  in  the  period  of  depression  or  pessimism  which  lasted  from 
about  1906  to  about  1910  or  1912. 

During  this  period  there  were  a  number  of  scientifically  inclined 
roentgenologists  who  recognized  both  the  advantages  and  limitations 
of  the  .r-rays  and  who  also  recognized  the  necessity  of  standardizing 
the  work  and  of  devising  accurate  methods  of  measurement. 

Among  the  first  roentgen  therapeutists  in  this  country  were  William 
Allen  Pusey,  Charles  Warren  Allen,  Henry  G.  Piffard,  Stelwagon, 
Pancoast,  Williams  and  others.  Piffard 's  articles  on  "radiomaniacs" 
and  "  radiografters"  were  very  pertinent  and  his  articles  on  instruments 
of  precision  and  .r-ray  measurement  were  equally  instructive.  In 
Europe  the  illustrious  early  therapeutists  were  Schiff,  Freund,  Beclere, 
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Brocq,  Belot,  Schonberg,  Hall  Edwards,  Heinecke,  Holzknecht,  Kien- 
bock,  Schmidt,  Benoist,  Walker,  Oudin,  Barthelemy,  Walsh,  Morris, 
Sequeira  and  others. 

For  a  number  of  years  the  greatest  interest  was  associated  with  the 
development  of  new  exciting  apparatus  and  instruments  of  precision 
or  of  measurement.  In  this  country  the  static  machine  reached  per- 
fection. Some  even  went  so  far  as  to  build  vertical  machines  possess- 
ing fifty  or  more  plates.  Improvements  in  the  RhumkorflF  coil,  how- 
ever, soon  caused  this  apparatus  to  displace  the  static  machine  and  the 
coil  was  used  almost  exclusively  until  the  advent  of  the  interrupterless 
transformer  which  was  placed  on  the  market  by  Snook,  of  Philadelphia, 
in  1908.  This  machine,  by  doing  away  with  the  troublesome  inter- 
rupter, and  by  providing  a  reliable  and  easily  controlled  unidirectional 
current  of  great  strength,  proved  to  be  one  of  the  big  additions  to 
roentgenology.  The  interrupterless  transformer  has  been  modified 
and  improved,  but  it  has  not  yet  been  superceded. 

Numerous  methods  and  instruments  were  devised  for  the  purpose  of 
estimating  the  quality  or  penetrability  of  the  a'-rays.  One  of  the  first 
instruments  for  the  purpose  was  the  spintermeter  of  Beclere  which  was 
simply  a  calibrated,  adjustable,  parallel  spark  gap.  Then  Benoist, 
in  1901,  produced  his  radiochromometer.  Since  then  there  have  been 
numerous  instruments  devised  for  this  purpose  (W^alter  penetrometer, 
Wehnelt  penetrometer,  Heinz-Bauer  qualimeter,  voltmeters,  etc.), 
but  the  spark  gap  has  been  and  still  is  the  favorite  practical  method  of 
measuring  quality. 

For  a  number  of  years  it  was  the  custom  to  estimate  the  quantity 
of  radiation  administered  by  establishing  various  constants,  such  as 
niilliamp^rage,  spark  gap,  number  of  interruptions  per  second,  distance 
of  anode  from  skin,  etc.  This  was  an  exceedingly  difficult  thing  to  do 
before  the  advent  of  the  Coolidge  tube  and  the  interrupterless  trans- 
former and  the  method  was  so  uncertain  and  dangerous  that  many 
investigators  devoted  a  great  deal  of  time  in  an  endeavor  to  perfect 
some  method  of  direct  measurement.  Kienbock  established  the  law 
that  "the  degree  of  reaction  depends  upon  the  quantity  of  a*-rays 
absorbed  bv  the  skin.*'  Also,  the  law  relative  to  the  intensitv  of  the 
rays  being  inversely  as  the  square  of  the  distance  or  directly  as  the 
sine  of  the  angle,  became  well  established  and  was  of  great  help  to 
therapeutists.  In  1902  Holzknecht  presented  the  first  instrument  for 
direct  measurement  of  quantity — this  was  called  the  chromoradiometer. 
It  consisted  of  a  capsule  containing  a  liquid  of  secret  formula  which 
changed  color  when  exposed  to  the  x-rays.  By  employing  a  graduated 
color  index  one  could  read  the  dose  in  units.  This  method  was  found 
unreliable  and  was  discarded  for  his  second  instrument,  the  Holzknecht 
radiometer. 

In  the  meantime  numerous  instruments  and  methods  designed  for 
this  purpose  made  their  appearance.  Among  the  most  notable  was 
Kienbock's  idea  of  employing  strips  of  standardized  photographic 
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developing  paper.  It  should  be  stated  here  that  Stern  of  New  York 
was  the  first  to  suggest  the  photographic  method  of  measurement. 
Then  Sabouraud  and  Xoir6  developed  their  radiometer,  which  depended 
upon  the  color  changes  produced  by  the  or-rays  in  barium  platino- 
cyanide.  The  radiometers  of  Holzknecht,  Bordier,  Hampson,  and 
Corbett  are  all  modifications  of  the  Sabouraud-Xoire  instrument. 

In  the  early  days  ar-ray  tubes  were  a  source  of  great  trouble.  It  was 
difficult  to  regulate  the  vacuum  and  impossible  to  maintain  it  when 
heavv  currents  were  used.  And  with  heaw  currents  the  anode  would 
melt.  Tungsten  targets  and  water-cooled  and  air-cooled  tubes,  im- 
proved vacuum  pumps  and  vacuum  regulators,  lessened  these  diffi- 
culties considerably.  But  in  spite  of  all  the  marked  improvements  in 
gas  tubes  there  was  no  perfectly  satisfactory  x-ray  tube  for  therapeutic 
purposes  until  1914,  when  Coolidge  announced  his  electron  tube — a 
discovery  that  at  once  revolutionized  roentgentherapy. 

In  addition  to  the  accomplisments  of  scientifically  inclined  physicians 
and  electrical  engineers,  it  must  not  be  forgotten  that  many  pure 
physicists  persistently  investigated  the  x-rays  and  radioactive  sub- 
stances from  the  very  moment  of  their  discovery.  The  work  of  these 
men  paved  the  way  for  many  if  not  all  the  improvements  in  the  technie 
of  recent  years  and,  of  course,  as  a  result  of  their  tireless  endeavors 
we  now  possess  a  fairly  reliable  conception  of  the  nature  of  the  x-rays 
and  of  the  radioactive  substances.  A  brief  resume  of  the  investigations 
of  these  scientists  will  be  found  in  the  chapter  on  Physics. 

At  last  the  value  and  limitations  of  the  x-rays  in  the  treatment  of 
disease  has  been  fairiy  well  established;  especially  is  this  so  of  cutaneous 
affections.  The  improvement  in  technie,  increased  knowledge  regard- 
ing possibilities  and  limitations,  the  recognition  that  roentgenology 
is  a  specialized  subject,  and  especially  the  fact  that  radiodermatitis 
can  be  avoided  with  a  reasonable  degree  of  certainty,  have  caused  a 
gradual  restoration  of  confidence  and  this  confidence  will  be  perma- 
nent if  the  work  can  be  kept  out  of  the  hands  of  unscrupulous,  over- 
enthusiastic  and  careless  individuals. 

RADIUM. 

Radium  was  discovered  by  Mme.  Curie  in  1898,  three  years  after 
Roentgen's  famous  announcement.  The  result  of  the  research 
aj)pcared  as  a  joint  paper  by  Prof,  and  Mme.  Curie  and  (i.  Beniont.^ 
Like  Roentgen's  discovery  the  isolation  of  radium  was  preceded  by 
pertinent  investigations,  this  time  by  Becquerel,  Mme.  Curie  and 
others. 

As  we  have  seen,  there  was  considerable  controversy  in  1895  rela- 
tive to  the  nature  of  the  cathode  ravs  of  Crookes.  Finallv,  in  1897, 
J.  J.  Thompson  proved  definitely  that  the  cathode  stream  consisted 

'  (\)iiipt.  rend..  1898,  cxxvii,  1215. 
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of  negatively  charged  particles  moving  with  great  velocity.  He  deter- 
mined that  these  particles  were  much  smaller  than  the  most  infinite 
particle  of  matter  known  to  scientists,  namely,  the  atom  of  hydrogen. 
He  concluded  that  they  represented  a  new  state  of  matter  and  desig- 
nated them  by  the  name  electrons.  Now  it  will  be  recalled  that 
Thompson,  Lenard,  Crookes  and  others  had  called  attention  to  the 
fluorescence  of  the  glass  wall  of  the  tube  under  the  bombardment  of 
the  cathode  rays.  After  the  discovery  of  the  x-rays  it  was  conceded 
that  the  cathode  stream  was  its  parent,  but  it  was  also  erroneously 
thought  that  the  fluorescence  of  the  glass  wall  of  the  tube  had  some 
influence  in  the  production  of  the  roentgen  rays.  With  this  idea  in 
mind  several  physicists  studied  various  substances  that  phosphoresced 
under  the  influence  of  light.  Becquerel,  for  instance,  protected  a 
photographic  plate  from  ordinary  light  and  exposed  it  to  the  double 
sulphate  of  potassium  and  uranium.  The  plate  became  fogged  after  a 
prolonged  exposure,  showing  the  presence  of  rays  capable  of  penetrat- 
ing supposedly  opaque  material.  It  was  noticed,  too,  that  the  same 
effect  was  obtained  even  when  the  potassium-uranium  salt  had  ceased 
to  phosphoresce.  Later,  the  radiation  obtained  from  pure  uranium 
was  shown  to  possess  characteristics  similar  to  those  of  the  x-rays. 
Later  still  it  was  determined,  as  a  result  of  the  work  of  Becquerel, 
Curie,  Villard  and  others  that  uranium  emitted  three  types  of  radia- 
tion, namely,  alpha,  beta  and  gamma  rays. 

Immediately  after  Becquerers  discovery  Mme.  Curie  conducted 
a  systematic  examination  of  various  substances  for  evidence  of  radio- 
activity and  found  that  the  element  thorium  demonstrated  similar 
properties  observed  in  uranium  and  to  about  the  same  degree.  To 
quote  from  Rutherford:  "An  exai^ination  was  then  made  of  the 
natural  minerals  which  contain  thorium  and  uranium  and  here  an 
unexpected  result  was  observed.  Some  of  these  minerals  were  found 
to  be  several  times  more  radioactive  than  pure  uranium  or  thorium  and 
in  all  cases  the  uranium  minerals  showed  four  to  five  times  the  activity 
to  be  expected  from  the  percentage  of  uranium  present.  Mme.  Curie 
found  that  the  radioactivity  of  uranium  was  an  atomic  property,  i.  e., 
the  activity  observed  depended  only  on  the  amount  of  the  element 
uranium  present  and  was  not  affected  by  its  combination  with  other 
substances.  This  being  so,  the  large  activity  of  the  uranium  minerals 
could  only  be  accounted  for  by  supposing  that  another  substance  was 
present,  which  was  far  more  active  than  uranium  itself. 

"  Relying  on  this  hypothesis,  Mme.  Curie  boldly  proceeded  to  see 
if  it  were  possible  to  separate  chemically  this  unknown  active  substance 
from  uraniimi  minerals.  By  the  courtesy  of  the  Austrian  Government, 
she  was  presented  with  a  ton  of  uranium  residues  from  the  State  Manu- 
factory at  Joachimsthal,  Bohemia.  In  this  locality  there  are  extensive 
deposits  of  uranite  commonly  called  pitchblende,  which  are  mined  for 
the  uranium  they  contain.  This  pitchblende  consists  mainly  of  uran- 
ium, but  also  contains  small  quantities  of  a  number  of  rare  elements. 
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"As  a  guide  to  the  separation  of  the  active  substance,  Mtne.  Curie 
employed  a  suitable  electroscope  to  measure  the  ionization  produced 
by  the  active  body.  After  each  chemical  separation,  the  activities  of 
the  precipitate  and  of  the  filtrate  evaporated  to  drjTiess  were  separately 
examined  and  in  this  way  it  was  possible  to  ascertain  whether  the  active 
substance  had  been  mainly  precipitated  or  left  behind  in  the  filtrate. 

"The  electric  method  was  thus  used  as  a  rapid  means  of  qualitative 
and  quantitative  analysis.  Proceeding  in  this  way,  Mme.  Curie  found 
that  not  one  but  two  very  active  substances  were  present  in  the  uranium 
residues.  The  former  of  these,  which  was  separated  with  bismuth,  was 
called  polonium,  in  honor  of  the  country  of  her  birth  and  the  latter, 
which  was  separated  with  barium,  was  called  radium.  This  latter 
name  was  a  happy  inspiration,  for  the  activity  of  this  substance  in  a 
pure  state  is  at  least  two  million  times  that  of  uranium." 

The  development  of  the  theory  of  ionization  of  gases  by  Wilson, 
Thompson,  Rutherford,  and  Tow^nsend  (1896  to  1899),  proved  of  great 
value  in  the  search  for  radioactive  elements  and  in  the  comparative 
study  of  the  physics  of  these  elements  and  of  the  x-rays. 

In  1899  and  1900,  as  a  result  of  the  work  of  Giesel,  Becquerel,  and 
Villard,  the  alpha,  beta  and  gamma  rays  of  radium  were  separated  and 
studied.  The  beta  rays  were  shown  to  be  similar,  if  not  identical,  to 
the  cathode  rays — negatively  charged  particles  travelling  at  great 
velocity,  deflected  by  a  magnet  and  possessing  considerable  penetrating 
power.  The  alpha  rays  were  also  found  to  consist  of  particles  having 
less  velocity  than  those  of  the  beta  rays,  possessing  very  little  penetra- 
tion and  deflected  by  a  magnet  in  the  opposite  direction  from  the  beta 
rays — therefore  the  charge  was  positive  instead  of  negative.  These 
rays  were  later  shown  to  be  similar  to  the  canal  rays  of  the  ar-ray  tube. 

The  gamma  rays  were  found  to  be  very  similar  to  the  x-rays  in  that 
they  were  very  penetrating,  they  produced  the  same  ions  as  did  the 
ar-rays  and  like  the  latter  the  gamma  rays  could  not  be  deflected, 
reflected  nor  refracted  by  any  means  known  at  the  time. 

At  about  this  time  Rutherford  showed  that  thorium  emitted  a  gaseous 
radioactive  substance  which  was  called  an  emanation.  Then  Mme. 
Curie  demonstrated  that  all  bodies  placed  in  the  immediate  neighbor- 
hood of  radium  became  temporarily  active.  This  induced  acti\'ity  was 
caused  by  the  deposit  from  the  radium  emanation. 

In  1902  Rutherford  and  Soddy  demonstrated  that  a  very  active 
suhstauce,  called  thorium  X  could  be  separated  from  thorium.  The 
new  substance  would  lose  its  activity  in  time  while  the  thorium,  freed 
from  thorium  X,  would  spontaneously  produce  a  new  supply.  It  was 
(letennined  that  thorium  emanation  was  derived  from  thorium  X  and 
not  directly  from  thorium.  Knowing  that  the  radioactive  property 
of  an  element  was  atomic  and,  therefore,  that  the  alteration  must 
occur  in  the  atom  and  not  in  the  molecule,  Rutherford  and  Soddv 
advanced  their  well-known  disintegration  theory.  In  the  last  few 
years  physicists  have  considerably  advanced  our  knowledge  relative 
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to  the  nature  of  the  radioactive  substances.  A  brief  summary  of  these 
investigations  will  be  found  in  the  chapter  on  physics. 

Radium  therapy  began  with  the  famous  "Becquerel  burn."  In  1901 
Becquerel  placed  a  tube  of  radium  in  the  pocket  of  his  waistcoat  where 
it  remained  for  several  hours.  A  week  or  two  afterward  a  severe 
inflanmiation  appeared  in  the  skin  underneath  the  radium.  Besnier 
examined  this  dermatitis  and  expressed  the  belief  that  it  was  due  to 
the  radium.  Walkoff  avers  that  he  reported  a  case  of  radium  der- 
matitis in  1900  and,  therefore,  claims  priority.  Prof.  Curie  then 
made  some  experiments  on  his  own  person  and  conclusively  proved 
that  the  radiation  was  capable  of  effecting  an  inflammatory  reaction 
in  normal  skin.  Being  cognizant  of  the  early  results  of  roentgen- 
therapy  and  familiar  with  the  inflammatory  reactions  obtained  by 
Becquerel  and  Curie,  Besnier  suggested  the  use  of  radium  as  a  thera- 
peutic agent.  For  this  purpose  Becquerel  loaned  some  radium  to 
Danlos  of  the  hopital  St.  Louis,  where  it  was  soon  found  that  the  new 
agent  exerted  a  beneficial  effect  on  a  number  of  diseases.  Danlos' 
work  was  continued  by  Masotti  and  the  results  were  published  by  the 
latter  in  book  form  at  a  later  date.  • 

The  pioneers  in  Europe  were  Lazarus,  Mache,  Szilard,  Danlos, 
Wickham  and  Degrais,  Bashford,  Becquerel,  Czerny,  Freund,  Bayet, 
Schiff  and  others.  In  this  country  Abbe  of  New  York  was  probably 
the  first  physician  to  employ  radium  for  practical  purposes. 

Radium  therapy  developed  more  slowly  than  did  roentgen  therapy 
largely  because  the  substance  was  expensive  and  difficult  to  obtain. 
A  few  years  ago  this  branch  of  the  medical  science  received  a  great 
stimulus  through  the  repeated  announcements  that  large  quantities 
of  radium  would  cure  cancer.  The  propaganda,  while  harmful  at  the 
time,  really  accomplished  considerable  good  as  it  encouraged  several 
institutions  to  purchase  large  amounts  of  the  element  which  was 
placed  under  the  control  of  scientific  and  conscientious  observers.  In 
consequence  the  true  value  of  radium  in  the  treatment  of  cancer  is 
being  determined.  The  results  to  date  while  encouraging  do  not 
realize  the  exaggerated  reports  of  some  of  the  earlier  writers. 

Radium  has  been  found  of  great  value  in  the  treatment  of  many 
diseases  and  thanks  to  recent  investigations,  excellent  results  and 
conservative  writings  of  well-informed  and  scientific  men,  radium 
therapy  is  now  on  a  safe  foundation. 

In  the  preparation  of  this  historical  sketch  the  author  acknowledges  the  liberal  use  of 
the  following  works:  Pusey,  W.  A.  and  Caldwell,  E.  W.:  Roentgen  Rays  in  Thera- 
peutics and  Diagnosis,  1904,  Philadelphia,  W.  B.  Saunders  &  Co.;  Belot.  J.:  Radio- 
therapy in  Skin  EHseases,  1905,  N.  Y.,  Rebman  Co.;  Kaye.  G.  W.  C:  X-rays,  1917, 
X.  Y.,  Longmans,  Green  &  Co.;  Colwell,  H.  A.  and  Russ,  S.:  Radium,  X-rays  and  the 
Living  Cell,  1916,  London,  G.  Bell  &  Sons;  Newcomet,  W.  S.:  Radium  and  Radio- 
therapy, 1914,  Philadelphia,  Lea  &  Febiger;  Wickham  and  Degrais:  Radiumtherapy, 
1910,  N.  Y.,  Cassell  &  Co.;  Rutherford,  E.:  Radioactive  Tran.sformations,  1906,  New 
Haven,  Yale  University  Press;  Lazarus,  P.:  Handbuch  dcr  Radiuni-Biologie  und 
Therapie,  1913,  Wiesbaden,  J.  F.  Bcrgmaun;  Towlr,  H.  P.:  A  Review  of  the  Literature 
of  the  Therapeutic  Use  of  the  X-rays,  Boston  Med.  and  Surg.  Jour.,  1901,  cxliv,  p.  343; 
Williams,  F.  H.:  The^  Roentgen  Rays  in  Medicine  and  Surgery,  1903,  N.  Y.,  The 
Macmillan  Co.;  Allen,  C.  W.:  Radiotherapy,  Phototherapy,  Radium  and  High- 
Frequency  Currents,  1904,  Philadelphia,  Lea  Brothers  &  Co. 


CHAPTER  II. 
GENERAL  PH\^SICS. 

THE  ELECTRON  THEORY  OF  MATTER. 

Since  the  discovery  of  the  a*-rays  and  the  radioactive  elements  the 
physics  of  matter  in  general  has  become  somewhat  complicated. 
Reduced  to  the  simplest  terms  the  present  conception  of  matter,  as 
based  upon  the  electric  or  electronic  theory,  is  that  the  molecule  is 
composed  of  atoms  and  the  latter  contain  units  of  negative  and  posi- 
tive electricity.  The  negative  units  are  called  electrons.  They  are 
supposed  to  travel  at  high  velocity  within  the  atom  and  they  are  held 
in  equilibrium  either  by  positively  charged  particles  or  by  a  sphere  of 
positive  electrification  of  a  magnitude  equal  to  the  sum  total  of  the 
electrons.  Electrons  are  thought  to  be  about  y^Vir  ^he  size  of  the 
smallest  particle  of  matter  previously  known,  namely,  the  hydrogen 
atom.  As  expressed  by  Shearer,  "if  we  could  magnify  sufficiently 
both  electrons  and  the  surface  of  polished  metal,  the  irregularities  of 
the  surface  would  appear  like  mountains  and  valleys,  while  the  electrons 
would  be  almost  too  small  to  be  seen." 

Some  scientists  believe  that  the  electron  has  no  material  nucleus, 
but  that  the  apparent  mass  is  entirely  electrical.  It  has  been  demon- 
strated that  a  charged  body  in  motion  possesses  electrical  mass  in  virtue 
of  this  motion,  that  this  mass  consists  of  stored-up  electromagnetic 
energy,  that  it  increases  with  the  velocity  of  the  body  and  that  it 
exactly  simulates  the  properties  of  mechanical  mass.  It  is  possible, 
therefore,  that  matter,  as  revealed  to  our  senses  is  of  electrical  origin. 
The  atoms  of  the  chemical  elements  probably  differ  in  the  number, 
motion  and  arrangement  of  electrons  but  the  latter  are  always  the  same 
regardless  of  the  element. 

Matter  is  not  stable.  Molecules  are  constantly  breaking  up  and 
reforming  under  the  influence  of  many  physical  forces  such  as  light, 
heat,  cold,  pressure,  etc.  Atoms,  too,  break  down  under  the  action 
of  physical  forces.  Some  atoms  undergo  spontaneous  disintegration. 
When  an  atom  breaks  down  from  any  cause  electrons,  or  positive  cor- 
puscles or  both,  may  be  liberated.  If  an  electron  is  suddenly  startcnl 
in  motion  or  its  motion  is  suddenly  arrested  or  the  path  of  this  motion 
is  suddenly  changed,  electromagnetic  waves  are  produced.  A  fair 
a})prcciati()n  of  the  manner  of  })roduction  and  the  characteristics  of 
these  waves  is  of  considerable  importance  to  the  student  of  radiology. 

Electromagnetic  Waves. — It  is  well  known  that  light  consists  of 
electromagnetic  waves  or  vibrations  emitted  from  a  luminous  body  as 
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a  result  of  atomic  disturbance,  that  these  waves  possess  a  velocity  of 
186  thousand  miles  a  second,  and  that  they  are  transmitted  through 
the  medium  of  a  h>T>othetical  substance  known  as  ether.  The  ether  is 
supposed  to  occupy  all  space  including  that  between  and  in  atoms  of  all 
matter.  The  waves  vary  markedly  in  length  and  waves  of  different 
length  produce  different  impressions  on  our  senses.  When  passed 
through  a  prism  or  passed  through  or  reflected  from  a  diffraction 
grating  (a  glass  plate  on  which  many  regularly  spaced  fine  lines  have 
been  ruled)  the  various  wave  lengths  of  which  white  light  is  composed, 
are  sorted  out  and  may  be  separately  studied.  This  series  of  wave 
lengths  constitutes  a  spectrum.  The  visible  spectrum  consists  of  wave 
lengths  ranging  from  7500  to  3800  angstrom  units  (an  angstrom  unit 
is  one  hundred-millionth  of  a  centimeter  or  one  ten-thousandth  of  a 
micron).  Beginning  with  the  long  waves,  which  produce  an  apprecia- 
tion of  the  color  red  on  our  sense  mechanism,  we  pass  through  the 
orange,  yellow,  green,  blue,  etc.,  to  the  short  waves  which  are  recog- 
nized in  the  spectrum  as  violet.  Shorter  wave  lengths  (3800  to  600 
angstrom  units)  represent  ultraviolet  rays,  recognized  by  photo- 
graphic methods.  Still  shorter  electromagnetic  waves  (from  600  to 
yV  angstrom  unit)  comprise  a*-rays  and  radium  gamma  rays.  On  the 
other  end  of  the  spectrum  we  have  the  infra-red  rays,  wave  lengths 
of  from  7500  to  300,000  angstrom  units  which  are  appreciated  by  our 
senses  as  heat,  which  are  separated  by  passing  solar  light  through  rock 
salt  and  which  are  estimated  by  especially  constructed  thermometers. 
Finally  there  are  the  Hertzian  waves  (wireless  waves)  with  a  wave 
length  ranging  all  the  way  from  a  fraction  of  an  inch  to  several  miles. 
These  are  produced  by  electric  oscillations  and  the  wave  length  depends 
on  the  electromagnetic  inductance  and  the  electrostatic  capacity  of  the 
oscillating  system.  It  will  be  seen,  therefore,  that  electi^omagnetic 
waves  vary  enormously  in  length  and  that  the  characteristics,  that  is, 
the  effect  on  our  senses  or  on  matter,  depend  upon  the  wave  length. 
They  are  produced  in  various  ways  (spontaneous — sun,  radium;  elec- 
trically— incandescent  lamps,  ar-rays,  wireless  telegraphy;  chemically 
— combusion,  etc.),  but  their  production  always  entails  molecular, 
atomic  and  electronic  action.  The  assumption  is  that  electromagnetic 
waves  are  produced  only  when  there  is  a  disturbance  in  the  electric 
components  of  atoms,  possibly  a  change  in  the  velocity  of  electrons, 
and  the  length  of  such  waves  seems  to  depend  upon  the  suddenness 
with  which  the  change  in  the  motion  of  the  electrons  is  brought  about. 
Regardless  of  the  wave  length  electromagnetic  waves  all  travel  at  the 
same  speed,  namely,  186  thousand  miles  per  second,  therefore  Hertzian 
waves,  light  waves,  ultraviolet  rays  and  ar-rays  all  travel  at  the  same 
speed.  The  wave  lengths  are  determined  by  dividing  the  velocity 
by  the  frequency  and  the  latter  is  synonymous  with  electric  oscillation 
or  vibration. 

Electricity.; — An   electron   is   the   smallest   quantity   of  electricity 
detected.     It  is  the  smallest  unit  of  negative  electricity.    When  an 
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electron  leaves  an  atom  of  matter  the  remaining  part  of  the  atom  is 
said  to  be  positively  charged  but  with  the  same  amount  as  the  electron 
is  negative.    That  is,  a  unit  of  negative  electricity  and  a  unit  of  positive 
electricity  added  together  produce  a  zero  electrical  effect  or  the  atom  is 
said  to  be  neutral.     A  body  which  has  ^n  excess  of  electrons  is  said  to 
be  charged  negatively;  a  body  which,  originally  neutral,  lost  some  elec- 
trons is  said  to  be  charged  positively.    Charges  which  are  alike,  that  is 
two  positive  charges  or  two  negative  charges,  repel  each  other,  while  a 
positive  and  a  negative  charge  attract  each  other.    The  charge  on  an 
electron  or  a  body  having  any  number  of  electrons  in  excess  or  havine 
a  deficiency  of  electrons  is  called  quantity  of  electricity;  negative  or 
positive  as  the  case  may  be.     If  this  electricity  is  moving  either  through 
a  wire  of  metal  or  through  a  liquid  or  through  a  gas  we  have  a  current 
of  electricity.    A  current  of  electricity  has  magnetic  properties  about  it 
which  the  same  electricity  at  rest  has  not.    This  phenomenon  of  a 
current  of  electricity  makes  it  possible  to  measure  currents  of  electricitv 
by  instruments  called  galvanometers  in  general  and  which  when  used 
for  specific  purposes  are  called  ammeters,  milliammeters,  voltmeters,  etc. 

Potential  and  Difference  of  Potential. — If  we  have  a  body  charged  with 
electricity,  say  positive,  i.  e,,  the  body  had  lost  some  of  its  electrons; 
and  we  should  bring  another  positively  charged  body  {e.  g.,  a  pith  ball 
covered  with  tin-foil  and  hung  on  a  string)  in  the  neighborhood  of  the 
first  one,  work  will  have  to  be  done  against  the  force  of  repulsion  which 
exists  between  the  two  like  charges.    The  closer  together  we  wish  to 
bring  the  bodies  the  more  work  has  to  be  done.    If  the  positive  charge 
on  the  pith  ball  is  a  unit  the  work  done  in  bringing  the  charge  from  a 
great  distance  to  a  definite  point  is  said  to  be  the  potential  at  that  point 
due  to  the  charge  on  the  first  body.    Since  less  work  is  done  in  bringing 
the  unit  charge  from  a  great  distance  to  a  point  not  so  near  the  charged 
body  as  the  definite  point  mentioned  above,  the  potential  is  also  less. 
Therefore,  there  exists  a  difference  of  potential  between  these  two 
points  and  it  is  equal  to  the  work  done  in  bringing  the  unit  charge  from 
the  latter  point  to  the  former  point.    Suppose  we  have  tvi'o  bodies 
charged  with  electricity  but  so  that  a  difference  of  potential  exists 
between  these  bodies,  e,  g,,  one  is  charged  positively  and  the  other 
negatively.     If  we  connect  these  two  bodies  together  electrons  will 
flow  from  the  one  having  an  excess  of  electrons  (the  negative)  to  the 
one  having  a  deficiency  of  electrons  (the  positive).     In  a  metal  the 
motion  of  these  electrons  constitutes  the  current  and  the  motion  of  the 
electrons  is  due  to  the  difference  of  potential  existing  between  the  two 
bodies.     The  difference  of  potential  may  then  be  thought  of  as  the 
difference  of  electrical  condition  of  the  two  bodies  due  to  which  elec- 
trons move  from  one  l)()dy  to  the  other  through  the  conductor.     From 
the  al)()ve,  it  is  seen  that  potential  is  of  the  nature  of  work  or  energv 
in  transferring  a  unit  charge.     It  is  not  a  force. 

Ionization. — When  any  agent  causes  the  separation  of  an  electron 
from  its  atom  or  molecule  we  say  the  atom  is  ionized.     The  electron 
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by  itself  or  after  attachment  to  a  neutral  atom  or  molecule  is  called 
the  negative  ion  while  the  remainder  of  the  atom  or  molecule  is  called 
the  positive  ion.  Among  the  agents  which  will  ionize  a  gas  are  the 
x-ravs,  radiations  from  radioactive  substances,  heat  and  ultra-violet 
light. 

Current. — If  the  gas  between  two  plates,  called  electrodes,  which  are 
at  a  difference  of  potential  is  ionized,  the  negative  ions  will  move  in  one 
direction  and  the  positive  ions  will  move  in  the  opposite  direction  and 
the  combined  motions  of  the  positive  and  the  negative  ions  constitute 
the  electric  current  through  the  gas. 

This  current  may  be  demonstrated  by  an  electroscope.  If  the  leaves 
of  an  electroscope  are  positively  charged  the  walls  of  the  containing 
vessel  will  be  negatively  charged.  The  law  of  attraction  and  repulsion 
will  cause  the  leaves  to  diverge.  If  the  air  in  the  electroscope  is  now 
ionized,  the  negative  ions  are  attracted  to  the  positively  charged  leaves 
while  the  positive  ions  collect  on  the  wall  of  the  vessel.  Thus  the  charge 
of  the  instrument  will  be  neutralized  and  the  leaves  will  converge. 
The  estimation,  by  means  of  the  electroscope,  of  the  ionizing  power  of 
ionizing  agents  constitutes  a  very  sensitive  method  of  measuring  the 
intensity  of  the  a:-rays  and  the  radiation  emitted  by  the  radioactive 
substances — ionization  method  used  by  physicists. 

In  case  of  liquids,  if  a  salt  or  an  acid  is  dissolved  in  a  solvent,  say 
water,  some  molecules  of  that  salt  or  acid  break  up  into  parts,  called 
ions,  one  of  which  is  positive  and  the  other  negative.  For  example, 
sulphuric  acid  HaS04,  breaks  up  (only  a  small  part  of  it)  into  positive 
ions,  Hj,  and  the  negative  ions  SO4;  silver  chloride,  AgCl,  breaks 
up  into  positive  ions  of  Ag  and  negative  ions  of  CI.  The  movement 
of  these  ions  constitutes  the  current  through  the  liquid.  The  total 
amount  of  electricity  transferred  from  one  electrode  to  the  other  is 
transferred  by  these  ions. 

In  case  of  a  solid,  there  exist  "free"  electrons  among  the  atoms  and 
molecules  of  the  solid  a^de  from  the  electrons  in  the  atoms  themselves. 
These  electrons  move  about  in  much  the  same  manner  as  the  mole- 
cules. When  this  solid  is  placed  between  two  points  having  a  difference 
of  potential  between  them  tiiey  move  and  tjheir  movement  constitutes 
the  current  in  the  solid.  Solids  which  have  an  abundance  of  free 
electrons  conduct  electricity  readily  and  are  called  good  conductors, 
while  solids  which  have  only  a  few  free  electrons  are  poor  conductors 
or  insulators. 

The  carrying  of  electricity  by  the  ions  in  a  liquid  gives  us  a  way  of 
defining  the  current  of  electricity  in  practical  units.  The  unit  is  the 
ampire  and  it  is  that  current  which  results  from  the  quantity  of  electri- 
city carried  by  0.001118  gram  of  silver  past  a  point  per  second;  i.  e., 
if  silver  is  deposited  by  the  current,  an  ampere  will  deposit  0.001118 
gram  of  silver  every  second  from  a  silver  salt  solution. 

The  quantity  of  electricity  associated  with  the  0.001118  gram  of 
silver  ions  is  a  coulomb;  that  is,  a  coulomb  is  the  quantity  of  electricity 
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carried  past  a  point  in  one  second  by  a  current  of  one  ampere;  1  ampere 
X  1  second  =  1  coulomb.  The  current  is  measured  by  the  ammeter, 
or  if  the  current  is  very  small  by  the  milliammeter. 

Resistance. — Since  a  current  is  a  movement  of  electrons  or  of  ions, 
it  is  obvious  that  this  movement  is  obstructed  by  the  molecules  of 
the  conductor  and  that  this  obstruction  may  be  different  for  different 
conductors.  The  obstruction  to  the  passage  of  the  current  of  electric- 
ity is  called  resistance.  The  unit  of  resistance  is  the  ohm.  The  ohm  is 
the  resistance  offered  to  a  constant  electric  current  by  a  column  of 
mercury  at  0°  C,  14.4521  grams  in  mass,  of  a  constant  cross-sectional 
area  and  of  a  length  of  106.3  cm. 

Potential  Difference,  Electromotive  Force,  Voltage. — The  term  differ- 
ence of  potential  has  been  explained  above.  Electromotive  force,  or 
E.M.F.,  is  a  term  given  to  the  cause,  no  matter  what  its  nature  is, 
which  is  capable  of  producing  a  difference  of  potential.  E.M.F.  is 
therefore  measured  in  the  same  units  as  potential  difference.  It  is 
frequently  confused  with  it.  The  term  electromotive  force  is  an  im- 
fortunate  one  because  HM.F.  is  not  a  force  at  all  but  rather  work  or 
energy.  The  term  voltage  is  a  common  although  "loose"  term,  being 
used  for  potential  difference  or  for  E.M.F.  or  for  both. 

The  practical  unit  of  difference  of  potential  or  of  E.M.F.  is  the  volt. 
A  volt  is  that  potential  difference  which  will  cause  a  current  of  one 
ampere  to  flow  through  a  conductor  whose  resistance  is  one  ohm. 
Potential  difference  is  measured  by  means  of  a  voltmeter.  The  length 
of  a  spark  gap  under  suitable  conditions  is  also  used  to  measure  large 
differences  of  potential. 

Power. — Electrical  power  is  like  mechanical  power,  namely,  the  rate 
of  doing  work:  that  is,  the  total  work  done  or  energy  used  divided  by 
the  time  in  which  it  was  done.  Since  potential  difference  is  of  the 
nature  of  work  per  unit  charge,  and  current  of  electricity  is  the  number 
of  unit  charges  per  second,  it  follows  that  the  product  of  the  potential 
difference  and  the  current  is  work  per  second,  or  power.  Using  the 
practical  units  the  potential  difference  is  measured  in  volts,  the  current 
in  amperes  and  volts  X  amperes  =  watts. 

For  example,  the  terminals  of  a  house  circuit  have  a  difference  of 
potential  of  110  volts,  an  ordinary  l()-candlepower  carbon  lamp  takes 
^  ampere,  and  therefore,  the  energy  in  lighting  this  lamp  is  consumed 
at  the  rate  of  110  volts  X  ^  ampere  =  55  watts.  The  ordinary  electric 
toaster  takes  4^  amperes  on  a  110- volt  circuit  and  therefore  c^onsumes 
energy  at  the  rate  of  110  volts  X  4  J  amperes  =  495  watts  or  nearly  one- 
half  kilowatt. 

PHYSICS  OF  THE  X-RAY  TUBE. 

A  description  of  the  various  .r-ray  tubes  will  be  found  in  Chapter  IV. 
Suffice  it  to  say  here  that  there  are  in  general  two  types  of  tubes,  namely, 
the  gas  tube  and  the  Coolidge  tube.  The  latter  is  pumped  as  free  of 
air  and  other  gas  as  possible;  a  little  gas  is  allowed  to  remain  in  the 
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former.  Roent^n  tubes  have  two  electnxles — t^thtnlo  UH^ti\T> 
and  anode  or  target  (^positive).  To  actuate  such  a  tube  it  is  ntvessary 
to  have  a  suitable  high'  potential  current.  In  any  \*acuum  tuln*  there 
must  be  a  supply  of  electrons  whose  transfer  constitutes  a  current.  In 
the  gas  tube  there  must  be  a  small  amount  of  air  or  other  gas  whose 
ionization  supplies  the  electrons.  \Mien  these  electrons  are  a\*ailable 
a  suitable  potential  applied  to  the  tube  terminals  will  cause  the  elei^ 
trons  to  leave  the  cathode  and  travel  to  the  anode  (anticathcnle)  at 
high  velocity.  This  stream  of  electrons  is  known  as  the  cathtnle  rays. 
At  the  target,  upon  which  the  stream  is  focuseil  by  \irtue  of  the 
concave  cathode,  the  electrons  are  suddenly  arrestetl  gixing  rise  to 
electromagnetic  pulses  which  travel  in  all  directions  fn>m  the  target. 
These  electromagnetic  \'ibrations  or  waves  are  the  j^niys. 

The  supply  of  electrons  is  obtained  in  quite  a  different  manner  in 
the  two  tj'pes  of  tubes.  In  the  case  of  the  Coolidge  tul)e  the  ekH*tn>ns 
are  liberated  from  the  atoms  of  the  tungsten  filament  by  means  of 
heat  (see  Chapter  IV).  In  the  case  of  the  gas  tube  the  eUvtnins  are 
obtained  by  a  breaking  down  of  the  gaseous  atoms  tlm)ugh  ionization* 
a  small  amount  of  gas  being  purposely  left  in  the  tul)e. 

Gas  tubes  are  being  employed  less  and  less  for  therai)eutic  puriK)ses, 
nevertheless  the  student  should  be  acquainted  with  the  ionic  and  other 
phenomena  of  the  gas  tube. 

A  simple  way  to  observe  some  of  the  phenomena  of  a  gas  tuln*  is  to 
obtain  a  discarded  tube  of  high  vacuum  and  watch  the  changes  that 
occur  as  the  vacuum  is  gradually  reduced  by  means  of  the  vacuum  con- 
trol. Let  us  take  such  a  tube  and  study  these  phenomena.  Let  us 
suppose  that  the  vacuum  is  equal  to  a  7-  or  9-inch  parallel  or  alterna- 
tive spark  gap — low  atmospheric  pressure.  The  current  will  pass  with 
difficulty  on  account  of  the  paucity  of  electrons.  The  wall  of  the  tube 
will  fluoresce  a  pale,  cold-green  color  and  j'-rays  of  considerable  pen(»- 
tration  will  be  emitted.  Now,  if  a  little  gas  is  allowed  to  enter,  by 
means  of  the  **  regulator,"  the  resistance  becomes  less  (spark  gap  is 
shorter)  the  fluorescence  is  more  pronounced  and  its  color  changes  to 
a  warmer  tone — a  yellowish-green.  The  j:-rays  now  emitted  are  less 
penetrating.  If  the  vacuum  is  lowered  still  more  the  fluores(?eiice 
loses  its  brilliancy  and  is  gradually  replaced  by  an  olive-green  to  dull- 
bluish  radiation,  which  is  possibly  due  to  extremely  active  ultra- 
violet light.  This  radiation  is  usually  first  notice<l  around  the  catlunle 
and  anode  and  gradually  spreads  until  it  replaces  the  general  fluores- 
cence. There  are  now  no  x-rays  emitted  from  the  tube.  In  the  mean- 
time the  parallel  spark  gap  of  the  exciting  apparatus  is  reduced  to  a 
fraction  of  an  inch,  indicating  that  there  is  very  little  resistance  to  the 
passage  of  the  current.  Before  the  greenish  fluorescence  disap|)earH 
a  bluish-violet  pencil  of  radiation  api)ears  between  the  cathcxle  and 
anticathode.  It  is  conical  in  shape  with  the  base  at  the  cath(xie. 
Tbis  is  the  cathode  stream  or  cathode  rays.  If  gas  continues  to  enter 
the  tube  both  the  greenish  fluorescence  and  the  cathode  rays  disappear. 
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Next,  the  tube  becomes  filled  with*  a  brilliant,  pink-violet  radiation 
which  gradually  develops  into  a  luminous  bapd  of  the  same  color, 
which  extends  from  the  anode  to  the  cathode.  This  is  probably  the 
so-called  positive  column  or  canal  rays  of  Goldstein,  which  is  com- 
posed of  ions  carrying  a  positive  charge. 

It  is  usually  not  possible  to  reduce  the  vacuum  any  lower  by  means 
of  the  "regulator,''  but  if  the  tube  is  punctured  by  an  electric  spark 
so  that  air  is  allowed  to  slowly  enter,  additional  phenomena  can  be 
observed.  The  wide  positive  column  becomes  very  narrow  and 
undulating  and  finally,  as  the  interior  of  the  tube  reaches  normal 
atmospheric  pressure,  the  band  breaks  into  a  series  of  fine,  noisy 
sparks.  At  the  same  time  the  parallel  spark  gap  increases,  indicating 
an  increase  in  resistance. 

The  proper  way  to  study  the  phenomena  of  the  gas  tube  is  to  observe 
the  varying  effects  produced  by  the  passage  of  a  high-potential  current 
through  an  exhaust  tube  that  is  being  gradually  exhausted.  In  this 
way  one  can  watch  the  evolution  of  the  positive  column,  the  negative 
glow,  the  Faraday  dark  space,  the  cathode  dark  space,  the  ultra- 
violet radiation  and  finally,  the  green  fluorescence. 

Cathode  Bays. — The  cathode  rays,  invisible  excepting  through  their 
power  of  effecting  ionization  and  fluorescence  are,  as  we  have  seen, 
composed  of  electrons  which  consist  of  negative  electric  charges. 
The  nature  of  the  cathode  rays  is  independent  of  the  size  or  shape  of 
the  cathode  and  of  the  material  of  which  it  is  constructed;  also  of  the 
kind  of  residual  gas  in  the  tube.  The  velocity  of  the  cathode  rays 
depends  entirely  upon  and  varies  with  the  difference  in  potential,  t.  e., 
the  voltage,  between  the  electrodes.  A  velocity  greater  than  J  that 
of  light  has  not  been  noted.  The  cathode  rays  exhibit  a  certain 
amount  of  penetrating  power  and  this  penetrability  depends  upon 
and  varies  \^ith  the  velocity.  The  rays  of  highest  speed  can  pene- 
trate only  about  2  or  3  nrni.  of  air  and  about  0.0015  cm.  of  aluminium. 
The  bulk  of  the  energy  of  the  cathode  rays  is  converted  into  heat 
when  they  strike  an  obstacle.  This  accounts  for  the  marked  produc- 
tion of  heat  at  the  anticathode.  Targets  made  of  platinum  and  even 
of  tungsten  with  its  extremely  high  melting-point  (3000°  C.)  can  be 
fused  and  even  volatilized  in  the  rare  atmosphere  of  a  vacuum  tube  by 
these  rays. 

The  cathode  rays  are  powerful  ionizers.  They  excite  a  pronounced 
fluorescence  in  certain  substances  such  as  ghiss,  barium  platinocyanide, 
willemite,  etc.  The  greenish  fluorescence  of  the  walls  of  an  a'-ray 
tube  is  due  to  cathode  rays  which  have  been  ''reflected'*  from  the 
target.  They  cause  smla  glass  to  fluoresce  green  while  lead  glass 
assumes  a  bluish  color.  Cathmle  rays  possess  powerful  photographic 
action  and  they  are  deflected  by  an  electric  or  magnetic  field. 

The  cathode  rays  are  identical  with  the  beta  rays  of  the  radioactive 
elements.  The  only  apparent  difference  is  one  of  velocity,  so  that  there 
naturally  follow  variations  in  penetrability  and  ionizing  powder.     It  is 
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possible  that  the  day  will  come  when  cathode  rays  of  great  velocity 
will  be  obtained  by  means  of  modifications  of  the  Lenard  tube  and  that 
such  rays  will  be  employed  in  the  treatment  of  the  more  superficial 
cutaneous  diseases.  In  fact  this  has  already  been  done  by  Strebel  in 
two  cases  of  epithelioma. 

PosifiYe  Rays. — ^The  positive  or  canal  rays  are  composed  of  positively 
diarged  corpuscles  or  ions  possessing  an  apparent  mass  of  about  that 
of  the  hydrogen  atom.  While  they  travel  at  high  speed  the  velocity 
is  considerably  less  than  that  of  the  cathode  rays.  They  possess  strong 
ionizing,  fluorescing  and  photographic  qualities.  Their  penetrating 
power  is  very  slight,  infinitely  less  than  that  of  the  cathode  rays.  They 
are  reflected  by  a  magnetic  field  but  in  the  opposite  direction  from 
that  of  the  cathode  rays.  In  recent  years  Sir  Joseph  Thompson  has 
added  a  valuable  method  to  gas  analysis.  It  consists  of  a  photographic 
study  of  the  parabolic  paths  of  the  positive  rays  after  a  magnetic  and 
an  electric  deflection.  The  path  of  the  positive  rays  composed  of 
hydrogen  atoms  is  distinctly  different  from  the  path  of  the  positive 
rays  composed  of  hydrogen  molecules.  A  new  substance  of  atomic 
weight  3  has  thus  been  discovered. 

Ionics  of  the  Gas  Tube. — ^The  production  of  the  canal  and  cathode 
rays  can  be  explained  on  the  basis  of  ionization.  A  gas  tube  is  either 
not  completely  exhausted  or  a  little  gas  is  allowed  to  enter  the  tube 
after  complete  exhaustion.  When  a  suitable  potential  is  applied  to 
the  tube  it  is  assumed  that  some  of  the  gaseous  atoms  liberate  electrons 
and  positive  corpuscles  (negative  and  positive  ions)  which  travelling 
at  high  velocity  bombard  and  disintegrate  other  atoms  with  the 
production  of  additional  ions.  The  positive  ions  constitute  the  canal 
rays  which  are  compelled  to  travel  from  anode  to  cathode  by  the 
electrical  condition  of  the  interior  of  the  tube.  By  some  it  is  believed 
that  the  canal  rays  bombard  the  metal  cathode,  disintegrate  its  atoms 
and  liberate  electrons  thus  producing  the  cathode  stream.  Others 
are  of  the  opinion  that  the  negative  ions  or  electrons,  liberated  by 
ionization  of  the  gas,  collect  at  the  cathode  and  are  then  forced  to  the 
anode  by  virtue  of  the  electrical  conditions  of  the  tube  and  the  con- 
cavity of  the  cathode.  Kaye  states  that  it  is  the  canal  rays  that  cause 
the  positive  electrification  of  the  wall  of  the  gas  tube  and  this  in  turn 
may  attract  some  of  the  cathode  rays  to  the  periphery  of  the  tube  where 
they  give  rise  to  the  greenish  fluorescence. 

A  tube  containing  very  little  gas  (fairly  complete  vacuum)  transmits 
little  current  because  there  is  so  little  ionization.  With  more  gas  (lower 
vacuum)  ions  are  abundant  and  the  gas  becomes  a  good  conductor. 
This  process  continues  until  atmospheric  pressure  is  approached  when 
the  resistance  again  increases  because  ionization  does  not  take  place  to 
any  considerable  degree  under  these  conditions. 

The  student  should  clearly  differentiate  the  phenomena  of  the  two 
types  of  tubes — gas  tube  and  Coolidge  tube.  There  is  no  gas  in  the 
latter  type  of  tube,  therefore  there  is  no  ionization.  Here,  as  already 
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stated,  heat  causes  the  tungsten  filament  of  the  cathode  to  liberate 
electrons  and  the  potential  applied  to  the  tube  provides  the  velocity 
and  causes  the  electrons  to  travel  to  the  anode.  The  writer  has  been 
asked  on  many  occasions:  "Can  the  Coolidge  cathode  supply  elec- 
trons forever?'*  In  answering  this  question  we  must  call  attention  to 
the  modern  conception  of  electricity — ^that  it  is  the  passing  along  of 
electrons  or  of  a  negative  charge  from  one  atom  to  another.  While 
this  is  an  atomic  phenomenon  it  does  not  necessarily  signify  that  there 
is  an  actual  conversion  from  one  physical  state  to  another.  Electrons 
can  leave  the  tungsten  atom  under  the  influence  of  heat  and  of  applied 
potential  but  the  atom  gains  new  electrons  from  other  atoms  of  the 
same  element  or  of  a  different  element.  In  other  words,  electrons 
from  the  atoms  of  the  conductor  replace  those  lost  by  the  tungsten 
atoms. 

ROENTGEN  OB  X-RATS. 

The  x-rays,  as  we  have  seen,  are  electromagnetic  waves  of  very  short 
wave  lengths.  They  are  produced  by  the  sudden  arrest  of  the  electrons 
of  the  cathode  rays  at  the  anode  or  target  of  the  x-ray  tube.  They 
travel  in  straight  lines  in  all  directions  with  the  velocity  of  light  and 
are  not  deflected  by  the  influence  of  a  magnetic  or  electric  field .  X-rays 
are  invisible,  they  are  powerful  ionizers,  they  have  a  strong  photo- 
graphic action  and  are  capable  of  provoking  a  marked  fluorescence  on 
certain  chemicals  such  as  the  platinocyanide  of  barium.  A  beam  of 
ar-rays,  like  light,  is  not  homogeneous — that  is,  it  is  composed  of  waves 
of  different  lengths.  As  in  the  case  of  light  it  is  possible  to  separate 
these  various  wave  lengths  and  to  study  the  characteristics  of  each 
individual  length.  In  the  case  of  light  we  can  recognize  to  a  certain 
degree  the  various  wave  lengths  by  the  impression  that  these  different 
wave  lengths  make  on  the  eye,  namely,  the  different  colors.  The 
wave  lengths  of  the  x-rays  are  too  short  to  be  appreciated  by  our  senses, 
therefore  they  are  invisible.  On  account  of  the  extreme  shortness  of 
the  waves  they  cannot  be  separated  in  the  same  manner  as  can  those  of 
light — prism  or  def raction  grating — the  finest  lines  being  too  coarse  for 
such  short  waves.  But  in  crystals  we  have  an  arrangement  of  atoms 
in  planes  which  is  the  equivalent  of  an  exceedingly  fine-lined  defraction 
grating.  It  is  by  this  means  that  the  .r-ray  spectrum  is  obtained 
(Hull,  Bragg,  Joly,  Russ,  etc.).  One  of  the  chief  characteristics  of 
x-rays  is  their  ability  to  penetrate  all  substances  roughly  in  proportion 
to  the  atomic  weight  or  density  of  the  substance.  The  shorter  the 
wave  length  the  greater  is  the  penetrability.  The  x-ray  spectrum, 
therefore,  consists  of  waves  of  different  length  and  of  different  penetra- 
bility.   The  student  should  keep  this  fact  constantly  in  mind. 

The  wave  length  is  governed  by  the  vehx^'ity  of  the  electrons  of  the 
cathode  stream,  and  by  the  suddenness  and  completeness  with  which 
the  electrons  are  stopped  at  the  target — and  as  this  velocity  depends 
upon  the  potential  difference  between  the  electrodes  it  may  be  said 
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that  the  wave  length  or  penetrability  of  the  resulting  x-rays  depends 
upon  the  potential  (voltage)  applied  to  the  terminals  of  the  roentgen 
tube. 

Even  with  an  unfluctuating  voltage  where  electron  speeds  would  be 
equal,  the  x-rays  would  not  be  homogeneous — all  of  the  same  wave 
length  when  the  tube  is  operated  on  a  given  potential.  Shearer 
explains  the  reason  by  means  of  a  simple  illustration  (Fig.  1).  This 
figure  represents  an  enormously  magnified  polished  tungsten  surface 
(target).  Imagine  an  electron  moving  toward  the  rough  surface  at  P. 
Its  speed  will  be  somewhat  altered  at  this  impact  and  it  may  be  deflected 
to  Q  and  then  to  R.  During  each  contact  or  period  of  change  in  veloc- 
ity, a  roentgen  ray  will  be  originated.  Thus  a  group  of  these  rays 
may  be  started  by  a  single  electron.  On  the  other  hand  direct  impact, 
as  at  Dy  would  set  up  a  wave  of  greater  energy  for  the  same  initial 
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Fio.  1. — The  possible  course  of  an  electron  striking  a  polished  metal  target  and 
deflected  several  times  before  coming  to  rest;  path  P-Q-R-S,  etc.  A  different  wave 
length  may  be  originated  at  each  impact.  Also  possible  central  impact  at  D  giving  a 
siogle  wave  length.     (Shearer.) 

electron  speed  than  in  the  previous  case.  The  irregularities  of  a  highly 
polished  metal  surface  are  doubtless  much  greater  than  those  shown  in 
comparison  with  the  diameter  of  an  electron. 

It  should  be  obvious  from  the  foregoing  that  the  nature  and  quantity 
of  the  radiation  emitted  from  a  given  type  of  tube  is  absolutely  fixed 
by  the  number  of  electrons  used  per  second  and  their  striking  speed. 
The  number  of  electrons  is  estimated  by  measuring  the  amount  of 
current  by  means  of  a  milliammeter  while  the  fall  of  potential  through 
which  the  electrons  must  fall  in  order  to  acquire  the  velocity  is  measured 
by  voltmeters  or  alternative  spark  gaps.  These  questions  will  be 
discussed  in  detail  in  subsequent  chapters. 

It  is  difficult  for  the  student  to  obtain  any  conception  by  process  of 
comparison  or  visualization  of  the  size  of  a  short  electromagnetic  wave 
such;  for  instance,  as  that  of  the  .r-rays.    P'or  this  purpose  Shearer 
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states  that  "it  is  customary  in  physics  to  select  such  units  of  measure- 
ment as  will  avoid  the  use  of  very  small  fractions  or  of  very  large 
numbers.  Thus  the  micron,  or  yimr  millimeter,  is  used  as  a 
unit  in  microscopy.  An  average  hair  is  about  20  microns  in  diam- 
eter or  1000  nun.,  or  nnr^f  cm.  In  measuring  wave  lengths  of  light 
the  angstrom  or  loooooooo  c^-  is  usually  chosen  as  a  unit.  The 
wave  length  of  yellow  light  from  sodium  vapor  is  about  6000  of 
these  units,  while  roentgen-ray  wave  lengths  would  be  expressed  by 
fractions  of  an  angstrom.  Thus  we  have  the  diameter  of  a  hair,  0.002 
cm.;  wave  length  of  yellow  light,  0.0006  cm.;  medium  roentgen-ray 
wave  length,  0.000000005  cm.  Multiplying  these  fractions  by  10  nine 
times,  we  have:  roentgen-ray  wave  length,  5;  yellow  light  wave 
length,  60,000;  diameter  of  hair,  2,000,000.  So  that  the  hair  could 
contain  400,000  of  these  roentgen-ray  wave  lengths  in  its  own 
diameter.  It  is,  then,  clear  that  these  waves  are  of  exceeding '  fineness 
of  grain'  if  we  may  use  a  common  term.  The  distance  between  atoms 
in  crystals  of  metals  is  from  2  to  4  angstroms,  so  that  such  atoms 
are  separated  by  a  distance  equal  to  several  wave  lengths  of  roentgen 
rays,  such  as  are  commonly  used.  It  may  readily  be  seen  how  the 
behavior  of  such  waves  would  be  differently  affected  by  matter  than 
would  that  of  long  ones.*' 

In  the  evolution  of  physics  and  medicine  the  word  "ray"  has  been 
used  to  denote  two  dissimilar  physical  phenomena  and  this  has  occa- 
sioned no  little  confusion  in  the  mind  of  the  student.  As  will  be 
explained  later  in  this  chapter,  when  an  atom  of  a  radioactive  element 
breaks  down  small  particles  of  definite  size  and  properties  are  pro- 
jected at  high  velocities — electrons  and  alpha  particles.  The  former 
are  called  beta  particles  or  beta  rays;  the  latter,  alpha  rays.  They  are 
concrete  entities  and  may  be  counted  and  studied  as  individuals. 
Again  as  Shearer  says,  "  we  use  the  term  ray  to  define  the  path  along 
which  some  wave-like  disturbance  travels  as  in  the  case  of  light  waves, 
heat  rays,  roentgen  rays  and  gamma  rays,  where  no  transfer  of  matter  is 
involved.'*  Sound  waves  are  produced  by  the  vibration  of  a  tense 
string  which  in  turn  becomes  a  source  of  waves  transmitted  by  the  air. 
Light  and  roentgen  rays  and  gamma  rays  are  electromagnetic  waves 
produced  by  a  disturbance  in  the  electrical  components  of  atoms. 
These  rays  will  travel  through  a  vacuum  and  as  it  is  inconceivable 
that  there  can  be  a  wave  without  some  transmitting  medium  physicists 
have  devised  the  h^-pothetical  substance  ether. 

Secondary  Radiations. — As  demonstrated  by  Sagnac  in  1897,  when 
ar-rays  come  in  contact  with  any  substance,  new  or  secondary  radiations 
are  emitted.  It  was  not,  however,  until  1911,  when  Barkla  and  Sadler 
published  the  complete  results  of  their  investigations,  that  we  gained  a 
very  clear  conception  of  these  secondary  rays.  Even  now  there  is 
considerable  controversy  and  with  each  addition  to  our  knowledge  the 
subject  becomes  more  complicated.  The  term  secondary  rays  has  been 
used  to  designate  at  least  three  different  things:     (1)  Roentgen  rays 
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coming  from  parts  of  the  tube  other  than  the  focal  spot  on  the  target. 
As  pointed  out  by  Shearer  these  might  be  termed  parasitic  rays.  (2) 
Scattered  rays.     (3)  True  secondary  rays. 

Scattered  Rays. — Scattered  rays  consist  of  a  scattering  of  some  of  the 
primary  rays  by  material  through  which  they  pass.  They  are  not, 
therefore,  secondary'  in  character.  Kaye  likens  the  phenomenon  to 
the  diffusion  of  light  by  a  fog.  Shearer  states  that  "atoms  of  matter 
reflect  slightly  roentgen  rays  just  as  particles  of  dust  or  mist  will  reflect 
light.  This  results  in  a  slight  diffuse  scattering  of  the  initial  beam 
^thout  other  change.  If  we  could  secure  a  surface  made  up  of  a 
closely  packed  layer  of  completely  reflecting  atoms  we  would  have  an 
r-ray  mirror.  As  there  are  no  such  atoms  or  any  surface  of  such 
smoothness  and  compactness  we  have  only  scattering."  The  scatter- 
ing is  noticed  both  in  organic  and  inorganic  substances  and  at  all 
depths.  In  fact  the  thicker  the  material  the  more  abundant  are  the 
scattered  rays.  They  are  most  numerous  when  the  atomic  weight  of 
the  material  is  either  very  low  or  very  high.  Inasmuch  as  most  of  the 
elements  composing  human  tissues  are  of  rather  low  specific  gravity 
the  scattered  rays  are  voluminous  when,  for  instance,  an  intense  beam 
of  primary  rays  is  passed  through  a  thick  abdomen.  And  this  is  one 
of  the  causes  of  fogging  and  lack  of  definition  of  roentgenograms  of 
the  abdomen. 

Characteristic  Rays. — ^The  characteristic,  monochromatic  or  homo- 
geneous o^-rays  are  truly  secondary  in  origin.  When  a  primary  beam 
erf  ar-rays  strikes  a  metal  or  other  substance,  homogeneous  rays  of 
definite  quality  are  emitted.  These  characteristic  rays  are  different 
for  each  element;  in  other  words,  their  character  depends  upon  the 
metal  or  element  regardless  of  the  character  or  quality  of  the  primary 
ar-ra>'S.  No  characteristic  rays  are  produced,  however,  unless  the 
primary  rays  are  more  penetrating  than  the  characteristic  rays  from 
the  substance  upon  which  the  primary  rays  are  acting.  Also,  the 
intensity  of  this  secondary  radiation  is  in  direct  proportion  to  the 
intensity  of  the  primary  rays.  The  characteristic  rays  from  a  heavy 
substance  can  excite  tertiary  characteristic  rays  from  a  lighter  element 
but  not  from  a  heavier  one.  In  general  the  penetrability  of  the 
characteristic  rays  increases  with  the  atomic  weight  of  the  element. 
When  the  primary  rays  pass  through  a  thin  sheet  of  pervious  metal  the 
characteristic  rays  are  emitted  from  both  the  proximal  and  distal 
surfaces.  An  explanation  of  the  origin  of  characteristic  secondary 
rays  will  be  given  when  discussing  the  corpuscular  secondary  rays. 

The  fact  that  the  characteristic  rays  are  homogeneous  has  been  of 
great  help  to  experimental  physicists  for  it  permits  a  study  of  homo- 
geneous rays  of  any  quality.  Obviously  this  would  be  exceedingly 
difficult  in  the  case  of  the  heterogeneous  primary  a'-rays.  Also,  the 
characteristic  rays  are  important  in  roentgen  therapy  because,  especially 
in  deep  therapy,  filters  are  employed  to  protect  the  skin  from  the 
"soft"  or  easily  absorbed  rays  (long  wave  lengths).     It  is  obvious  that 
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if  a  filter,  composed  of  material  from  which  "soft"  characteristic  rays 
are  emitted,  were  employed  for  this  purpose,  one  would  substitute 
**soft''  secondary  for  "soft''  primary  rays. 

Characteristic  secondary  rays  can  be  directly  produced;  that  is, 
they  can  be  excited  by  cathode  rays  of  suitable  velocity  as  well  as  by 
ar-rays.  It  is  in  this  manner  that  characteristic  rays  from  the  metal 
composing  the  target  of  the  roentgen  tube  are  formed  within  the  tube 
and  become  a  part  of  the  heterogeneous  bundle  of  roentgen  rays. 

It  has  been  found  by  Barkla  that  in  many  instances  two  kinds  of 
homogeneous  rays  are  emitted  by  an  element:  One,  the  more  penetrat- 
ing of  the  two,  is  termed  the  K  rays — ^the  other,  the  L  rays.  In  the 
case  of  some  elements  only  one  type  has  been  discovered;  in  others, 
both;  in  still  others,  neither.  It  is  suspected,  however,  that  most  if 
not  all  elements  will  be  found  capable  of  generating  both  types  under 
suitable  conditions,  and  it  is  anticipated  that  rays  other  than  the  K 
and  L  rays  will  be  discovered  in  time. 

Corpuscular  Rays. — ^The  secondary  corpuscular  rays  emitted  by  a 
substance  may  be  the  result  of  the  primary,  scattered  or  characteristic 
rays.  The  corpuscular  rays  are  negatively  charged  electrons  appar- 
ently identical  with  the  cathode  rays  of  the  ar-ray  tube  and  the  beta 
rays  of  the  radioactive  elements.  It  has  been  determined  that  both 
the  characteristic  and  the  corpuscular  rays  from  an  element  are  the 
same  whether  the  element  is  combined  or  in  the  pure  state.  Further- 
more, there  is  a  quantitative  or  numerical  relationship  between  these 
two  tyY>es  of  radiation — ^where  one  is  abundant,  so  is  the  other.  In 
other  words,  through  the  influence  of  the  primary  ar-rays,  by  a  process 
similar  to  ionization,  an  atom  loses  one  or  more  of  its  electrons — ^these 
are  the  corpuscular  rays.  The  starting  or  stopping  of  these  electrons 
causes  electromagnetic  pulses — ^the  characteristic  rays.  In  turn  the 
secondary  characteristic  rays  may  cause  the  production  of  new  cor- 
puscular rays.  In  this  way  tertiary  corpuscular  and  characteristic  rays 
may  be  produced  and  so  on. 

As  will  be  seen  when  the  question  of  the  biologic  action  of  the  various 
radiations  is  discussed,  ionization  may  play  an  important  role  in  the 
therapeutics  of  these  agents.  Bragg's  theory  that  ionization  or  at 
least  most  of  it  is  due,  not  to  the  primary  radiations,  but  to  the  beta 
rays  caused  by  them,  has  been  confirmed  by  the  experiments  of  Beatty, 
Barkla  and  Philpot  and  Wilson.  If  this  theory  is  correct  then,  as  has 
been  pointed  out  by  several  investigators,  it  may  be  that  the  therapeutic 
or  biologic  effect  of  the  ar-rays  is  due  to  the  action  of  the  beta  rays  formed 
in  the  tissues  by  the  passage  of  the  ar-rays  through  such  tissues.  In 
other  words,  that  the  therapeutic  power  of  the  a:-rays  or  gamma  rays 
lies  in  the  ability  of  these  agents  to  give  rise  to  beta  or  cathode  rays 
in  the  deeper  tissues.  As  pointed  out  by  Colwell  and  Russ,  "the 
tissues  of  the  body  consist  for  the  most  part  of  substances  which  con- 
tain the  light  elements,  hydrogen,  carbon,  nitrogen  and  oxygen.  Now 
it  is  just  these  and  others  of  the  light  elements  from  which  homogeneous 
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secondary  ar-rays  have  not  yet  been  obtained,  but  which  exert  some 
scattering  action  upon  a  primary  beam.  If  there  are  such  homogeneous 
rays,  it  is  probable  that  they  are  of  a  very  "soft"  type. 

"The  ionizing  action  of  the  x-rays  is  one  of  their  most  striking  fea- 
tures and  occurs  in  liquids  as  well  as^ases:  but  how  far  the  biological 
effects  are  the  result  of  such  ionization  remains  for  subsequent  work  to 
decide.  Now  that  some  of  the  fundamental  properties  of  secondary 
i-rays  are  known,  it  is  highly  probable  that  efforts  may  be  directed 
toward  their  use."  In  this  connection  a  glance  at  Chart  1  will  show 
that  calcium  and  iron  both  emit  "soft"  secondary  rays  and  iron 
especially  is  fairly  abundant  in  tissues  rich  in  blood.  It  is  thought  that 
when  characteristic  and  corpuscular  rays  are  produced  positive  cor- 
puscles are  released  from  the  atom.  These  have  been  termed  secondary 
alpha  rays. 


Element. 


Thickness  of  aluminium  to 
absorb  one-half. 


Thickness  of  water  to  absorb 
one-half,  number  approximate. 


Series  K. 
milUmeter. 


Series  L. 
millimeter. 


Series  K. 
millimeter. 


Series  L. 
millimeter. 


Calcium  . 

Iron    . 

Copper 

Selenium 

Strontium 

Silver 

AnUmony 

Barium 

Cerium 

Gold 

Bismuth  . 


1     12 

0.006 

•  •  •  • 

56 

0.028 

•  •  •  • 

64 

0.052 

•  •  •  • 

I     79 

0.13 

•  •  •  • 

88 

0.27 

•  •  •  • 

108 

1.0 

0.0036 

1    120 

2.1 

0.006 

137 

3.0 

0.01 

140 

4.0 

•  •  •  • 

197 

V   •   •   • 

0.10 

208 

«  •  •  • 

0.13 

0.08 

0.4 

0.7 

2.0 

4.0 

14.0 

30.0 

45.0 

60.0 


0.05 
0.08 
0.15 

1.5 
2.0 


Chabt  1. — Absorbability  of  homogeneous  secondary  characteristic  x-rays.* 

Reduction  of  Intensity — Absorption, — X-rays  are  reduced  in  intensity 
when  they  pass  into  or  through  various  materials.  Before  the  dis- 
covery of  the  method  of  spectral  analysis  (separation  and  study  of 
individual  wave  length)  all  our  information  relative  to  penetration  and 
absorption  was  derived  from  more  or  less  uncertain  measurements  of 
absorption.  The  following  explanation  of  the  phenomena  of  absorption 
is  taken  verbatim  from  Shearer. 

"  The  term  absorption  is  used  to  denote  a  simple  reduction  in  wave 
energ>''  due  to  some  action  on  the  material  through  which  the  wave 
moves.  Thus,  if  we  pass  a  beam  of  light  into  clear  water  there  will  be 
a  loss  of  illuminating  power  not  explained  by  reduction  due  to  increased 
distance  from  the  source.  This  results  in  a  rise  in  the  temperature  of 
theu water  showing  a  transformation  of  a  portion  of  the  energy  of  short 
light  waves  into  heat.    Again,  loss  of  light  might  result  in  chemical 


*  After  Colwell  and  Russ,  p.  15. 
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action.  So  in  the  case  of  roentgen  rays,  if  in  Fig.  2  the  energy  pass- 
ing through  I  J  K  Lis  less  than  that  passing  A  B  C  D  we  say  there 
has  been  absorption  in  the  intervening  material.  It  is  not  so  easy  to 
say  just  what  form  the  transformed  energy  has  taken  in  this  case,  but 
a  very  small  amount  of  heat  is  produced  and  ionization,  electro- 
chemical action  or  the  production'of  long  wave  light  rays  in  the  absorb- 
ing body  must  account  for  the  remainder. 

"  As  in  the  case  of  light,  absorption  depends  on  the  material  traversed 
and  for  a  pven  material  is  dependent  on  the  wave  lengths  received. 


Fio.  2.^F.  focal  spot  oD  target;  A  B  C  D,  an  area  receiving  radiation;  UK  L  would 

...:....  .t j:..:„„  „.  ^j,p  greater  diBtance  from  F  that  A  B  C  D  receives  at  the 

-•  the  greater  diBtance  receives  less,  i.  e.,  E  F  G  H  receives 
,..„ .. Note  that  each  area  of  the  rectangular  prism  A  G,  ! 


nearer.     Henre  an  ch"—  •"^-  ■"  ^■'■= 
IcHS  riuHution  than  A  B  C  D.     Note  ..imi,  cm 
wc  go  down,  receives  less  radiation  because 
through  its  lateral  walls.     Ab  the  target  is  m 
nearly  parallel  to  the  edges  A  E,  and  lesa  radio 


(Sh. 


er.) 


_j„ ^  the  prism  above  pass  c 

I'cd  farther  away  the  rays  become  more 
on  leaves  through  the  sides  of  the  prism. 


One  (if  the  most  striking  dmracteri sties  of  the  roentgen  and  gamma 
nivs  is  their  jteiietrating  power,  i.  c,  their  relatively  slight  absorption, 
iiiiuiy  siibstiiTKrs  highly  opaque  to  light  or  heat  showing  extreme 
traiisjiarciicy.  Also  this  i.s  found  to  vary  according  to  the  voltage 
{ii]niTk  ^^ap)  at  which  the  tiilic  is  opcrateil.  The  term  penetration  was 
used  to  doscrihf  roughly  this  general  quality  of  the  radiation  and  has 
pnived  ii  rather  unf()rtuiuite  eouc-ept.  For  while  increased  spark  gap 
dws  raise  the  'iM'iietration'  by  adding  shorter  and  less  easily  absorbed 
wa\'('s,  it  also  greatly  increases  the  amount  of  radiation  per  milliampere. 
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and  after  we  reach  a  moderate  gap  the  increase  of  'penetration'  is 
relatively  slight. 

"  If  we  first  consider  a  single  wave  length  for  the  sake  of  simplicity 
we  may  state  the  known  facts  as  to  absorption:  (1)  The  intensity  is 
reduced  in  passing  through  a  given  thickness  of  material  nearly  in 
proportion  to  the  physical  density  of  the  material.  (Some  variations 
are  noted  and  'scattering'  must  also  be  considered.)  (2)  If  at  the 
first  surface  of  a  layer  of  a  given  thickness  the  intensity  is  Qi  and  at 

the  distal  surface  it  is  Qi,  then  the  quantity  — ^r-  represents  the  per- 

centage  absorbed  in  the  layer.  (3)  The  next  layer  of  like  thickness 
wiU  absorb  the  same  fraction  of  what  its  proximal  surface  receives, 
and  this  will  be  true  for  each  layer  in  succession  (observe  the  limitation 
to  a  single  wave  length). 

"Thus,  if  a  layer  1  mm.  thick  of  a  given  material  will  absorb  0.04  of 
the  radiation  of  a  given  wave  length  received  when  100  arbitrary  units 
fall  on  the  surface  of  the  block  of  this  material,  the  amount  passing 
successive  layers  each  1  mm.  think  will  be: 

First  surface 100.00 

1  mm.  below 96.00 

2  mm 92.16 

3  mm 88.47 

4  mm 84.93 

5  mm 81.53 

"Each  number  being  obtained  by  multiplying  the  preceding  by  0.96. 
The  amounts  absorbed  by  the  several  millimeter  layers  are: 

1 4.00  units 

2 3.84      " 

3 3.69      " 

4 3.54      " 

5 3.40      " 


« 


'Assuming  that  the^source  is  so  far  away  that  we  may  neglect  an 
increase  of  distance  up  to  5  mm. 

"For  this  same  absorbing  material  and  a  longer  wave  length  the  first 
millimeter  may  remove  0.1  of  the  surface  radiation.  Then  the  series 
for  100  units  on  the  proximal  surface  will  be: 

First  surface 100.00 

1  mm.  below 90.00 

2  mm.  below 81.00 

3  mm.  below 72.9 

4  mm.  below 65.61 

5  mm.  below 59 .  05 

Left  in  first  mm 10.00 

Left  in  second  mm 9 .  00 

Left  in^third  mm 8.01 

Left  in  fourth  mm 7 .  29 

Left  in  fifth  mm 6.56 

"Observe  now  that  5  mm.  in  the  first  case  have  absorbed  only  18.47 
units,  while  in  the  latter  40.95  units  are  absorbed.    Also  we  must  note 
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that  the  ratio  of  absorption  in  the  first  millimeter  to  that  in  the  fifth 
is  quite  different,  4  :  3.4  and  10  :  6.56  or  1.17  and  1.52  in  the  two  cases. 
"We  see  then  that  the  higher  the  rate  of  absorption  of  the  material 
for  the  wave  length  considered,  the  more  the  first  layers  absorb  and  the 
greater  the  difference  between  that  absorbed  in  the  first  millimeter 
and  that  in  any  given  millimeter  below  the  first. 
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Craht  2. — Solid  line  A  shows  rocntgen-ray  intensity  of  variouB  nave  lengths  for  a 
tUDgsten  target  tube  operated  at  70,000  volts.  The  brokea  line  ahowa  nfaat  survives 
after  passing  through  3  mm.  of  aluminium.  About  50  per  cent,  of  the  70,000  volt 
radiatiOD  is  absorbed  by  3  mm.  of  aluminium;  measurements  by  Dr.  Hull.     (Shearer.) 

"The  actual  output  of  the  tube  always  contains  a  great  variety  of 
wave  lengths,  and  each  wave  length  has  its  own  rate  of  absorption,  but 
the  rate  is  always  less  for  short  than  for  long  waves.  Chart  2  shows 
the  effect  of  3  mm.  of  aluminium  On  the  radiation  at  70,000  volts  (about 
a  6-inch  gap)  as  measured  by  Hull.  We  see  that  no  rays  of  wave 
length  exceeding  0.7  x  10-*  get  through.  Also  the  intensity  of  wave 
length  0..5  X 10-'  is  reduced  from  .50  units  to  14, 0.4  x  10-'  from  100  to  80. 
Or  the  transmissions  in  percentages  of  initial  quantities  are: 


O.Sby  IO-> 
0.4  by  10-> 
0. 3  by  10-' 
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The  percentages  absorbed  are : 

Witve  lenitb.  Percenter. 

O.Sby  10-" 72 

0.4  by  10-' 50 

0.3  by  10-" 20 

"The  3  cm.  of  aluminium  absorb  for  this  voltage  very  nearly  one^alf 
of  the  total  radiation,  but  take  their  toll  largely  from  the  longer  wave 
lengths. 
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"To  emphasize  this  matter  still  further,  consider  Hull's  spectrum 
curves  at  40,000  volts  and  at  30,000  volts  and  apply  the  same  per- 
centage reduction  by  3  mm.  of  aluminium  for  the  same  lengths  as  in 
his  70,000  volt  cur\'e  as  far  as  they  are  present  at  these  voltages. 
Chart  3  shows  the  results.  The  area  under  A  is  proportional  to  the 
unfiltered  radiation,  that  under  A'  to  the  filtered  radiation  for  40,000 
volts.    B  and  H'  are  the  same  for  30,000. 

"We  may  definitely  say  from  these  results  that:  (1)  The  total 
radiation  from  a  tube  operated  at  low  voltage  is  less  than  for  one 
operated  at  the  same  current  at  high  voltage.  (2)  The  energy  from  the 
low  voltage  tube  is  more  easily  absorbed.  (3)  The  proportion  absorbed 
in  the  first  layers  is  much  greater  at  low  voltage  than  at  high. 
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" But  the  therapeutist  may  well  be  excused  if  he  asks,  'What  h*« 

Of  tnese  rays?     The  answer  ls  plain  if  we  assume  (what  sc^  alnwi«i^ 
an  axiom  to  the  physidst)  that  the  biologic  action  is  entirely  due  to^ 
part  of  the  radiation  actually  absorbed.    This  granted    we  mav^t 
once  ^11  attention  to  the  fact  that  the  general  distributioi;  of  aWbS 
radiation  m  successive  layers  for  a  given  wave  length  is  similarfn^ 
substances,  differing  only  in  the  thickness  of  layeTrequ^dto^aSort! 
a  specific  percentage.    Thus,  a  thickness  of  human  flesh  could  be  f«^ 
absorbing  a  given  wave  length  in  nearly  the  same  ratio  as  1    2T? 
mm.  of  aluminium.    In  other  words,  the  distribution  of  the  abscXd 
radiation  will  be  governed  by  the  same  general  considerations  asrivS 
above,  but  It  will  require  greater  thicknesses  of  flesh  than  of  alumSum 
tr>  absf>rb  a  given  percentage.  ""umum 

.  ^^J^  ^'^  ^^  '^^  *PP'^  ^  *^>'  material  used  between  the 
tube  and  the  patient's  skin.  The  purpose  of  the  filter  is  to  remove  a 
large  part  of  the  radiation  that  would  otherwise  be  absorbed  bv  the 
superficial  layers  of  flesh.  They  are  necessary  and  important  for  the 
treatment  of  deep^ated  lesions.  It  may  also  be  noted  that  as  the 
rays  have  passed  through  the  glass  wall  of  the  tube  they  are  already  in 
part  filtered.  On  account  of  the  low  density  of  au-,  both  its  absorption 
and  its  filtering  action  may  be  neglected  m  practice." 

THE  RADIOACTIVE  ELEBSENTS. 

By  radioactivity  is  meant  the  property  of  an  element  of  sponta- 
neously emitting  radiations  that  are  photographically  active  and  that 
will  discharge  an  electroscope.  Of  these  radioactive  bodies  there  are 
at  present  about  thirty  known  to  science.  The  best  known  radioactive 
elements  are  uranium,  thorium,  actinium,  radium  and  polonium. 
While  our  interest  centers  mainly  in  radium  it  is  advisable  to  consider 
briefly  the  more  important  radio-elements.  This  can  be  done  bv 
utilizing  a  series  of  excellent  charts  or  tables  borrowed  from  Colweil 
and  Russ. 

By  activity  is  meant  the  intensity  of  the  electrical,  ionizing  or  photo- 
graphic effect  of  the  radiation  from  an  element  as  compared  with  that 
of  a  standard  substance,  usually  uranium.  The  activity  of  a  substance 
is  inversely  proportional  to  its  time-period.  The  time-period  is  the 
time  rc(|uirc(l  for  a  radioactive  body  to  lose  one-half  of  its  initial 
activity.  As  explained  by  Colweil  and  Russ  "a  body  with  a  time- 
period  of  one  minute  meaning,  thereby,  that  one-half  of  it  in  this  time 
will  \uiyv,  been  transformed  into  some  other  substance,  will  be  60  times 
as  active  as  a  body  with  a  time  period  of  an  hour.  By  this  is  not  meant 
that  the  first  body  would  necessarily  give  effects  00  times  as  large  as  an 
v(\\ui\  weight  of  tlic  second  body,  for  the  radiation  emitted  by  the  two 
bodies  mi^lit  he  of  two  different  types;  nevertheless,  the  term  activity 
is  associated  with  the  time-period  in  the  manner  indicated."  The 
time-periods  of  the  various  radioactive  elements  differ  enormously. 
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The  primary  radioactive  elements,  such  as  m'anium  and  thorium,  are 
comparatively  stable  and  have  lives  of  a  thousand  million  years. 
Radium,  on  the  other  hand,  a  product  of  the  decay  of  uranium,  has 
a  period  of  only  about  seventeen  hundred  years.  At  the  other 
extreme  there  is  a  member  of  the  thorium  series  with  a  period  of  less 
than  a  millionth  of  a  second  (Colwell  and  Russ). 

Very  few  of  the  radioactive  elements  have  been  obtained  in  the  pure 
state  so  that  the  atomic  weight  of  most  of  them  is  unknown.  Those 
that  have  been  determined  are  very  high.  All  the  bodies  formed  in 
the  transformation  of  the  radioactive  elements  possess  elementary' 
charactmstics  and  they  are  considered  to  be  elements. 

Uranium. — ^This  primary  radioactive  element  is  the  parent  of  radium, 
but  in  the  transformation  there  are  formed  a  series  of  intermediary 
products  as  shown  by  Chart  4.  The  chart  also  includes  the  time- 
period  for  each  substance  and  the  radiation  emitted  therefrom. 

Time  to  decay  to 
SubstaDoe.  half  value.  Radiation  emitted. 

Uranium  (1  and  2)        .      .      .     5x  10.9  years  Alpha. 

Uranium  X  (1  and  2)   .      .      .     24.6  days  Beta  and  gamma. 

Ionium 3.5  x  10.5  years       Alpha. 

Radium 1690  years  Alpha,  beta  and  gamma 

(beta  and  gamma  very 
weak). 
Chart  4. — Uranium  series.* 

"  Uranium  probably  consists  of  two  bodies — ^uranium  1  and  uranium 
2 — but  they  are  not  separable.  Uranium  Y  is  a  lateral  product  of  one 
of  these  bodies  and  is  not  included  in  the  table  of  direct  descent.*' 
Uranium  X  in  recent  years  also  has  been  found  to  consist  ot  two  bodies. 

It  will  be  seen  that  in  the  decay  of  uranium,  radium  is  the  end- 
product  and  that  during  this  transformation  uranium  X  is  formed  from 
which  beta  and  gamma  rays  are  obtained.  No  uranium  emanation 
has  yet  been  discovered.  The  activity  of  uranium  is  about  two  million 
times  less  than  radium. 

Radium. — This  is  the  most  active  element  known.  It  possesses 
many  of  the  chemical  characteristics  of  barium.  Its  atomic  weight 
is  225  and  its  spectrum  is  similar  to  the  spectra  of  the  alkaline  earths. 
Chart  5  illustrates  the  transformation  of  radium. 

Time  to  decay 
Substance.  to  one-half.  Radiation  emitted. 

Radium 1690  years  Alpha,  beta  and  gamma 

(beta  and  gamma  very 
weak). 

Radium  emanation  3 .  85  days  Alpha. 

Radium  A 3.0    minutes         Alpha. 

Radium  B 26 . 8    minutes         Beta  and  ganmia. 

Radium  C  (complex,  probably 

consisting  of  three  bodies)         19.5    minutes         Alpha,  beta  and  gamma. 

Radium  D 16.5    years  Beta. 

Radium  E 5.0    days  Beta  and  gamma  (gamma 

ver>'  feeble). 

Radium  F — Polonium.  136.0    days  Alpha  and  gamma. 

Lead 

Chart  5. — Radium  series.* 

>  Alter  Colwell  AQd  Russ,  p.  39,  >  Ibid.,  p.  40. 
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Thorium  has  not  been  employed  for  therapeutic  purposes  in  this 
country  as  extensively  as  in  Europe,  but  the  future  may  possibly  see  a 
change  in  this  respect.  Very  extensive  deposits  of  ore  with  a  rich 
thorium  content  have  been  discovered  in  Brazil  and  as  thorium  is 
extensively  employed  in  the  manufacture  of  numerous  commercial 
products  the  element  may  yet  find  favor  in  the  eyes  of  the  medical 
profession. 

As  will  be  seen  from  the  foregoing  the  atoms  of  the  radioactive 
elements  are  inherently  unstable.  Some  unknown  force  causes  or 
allows  a  spontaneous  rupture  of  the  atom  with  the  liberation  of  a  beta 
or  an  alpha  particle.  The  atom  has  been  lowered  in  weight  and 
represents  a  new  element.  In  the  case  of  thorium,  for  instance,  an 
alpha  particle  escapes;  the  remaining  atom  is  one  of  mesothorium. 
From  this  element  beta  particles  escape  w^ith  the  formation  of  radio- 
thorium,  then  in  turn  we  have  thorium  X,  the  gaseous  element  or 
emanation,  etc.  Finally  an  atom  with  little  or  no  radioactivity  and 
with  increased  stability  is  produced  which,  in  the  case  of  thorium,  is 
probably  bismuth,  while  the  end-stage  of  the  transformation  of  radium 
is  probably  lead.  Thus  we  have  a  natural  process  consisting  of  the 
transformation  of  heavy  elements  into  those  of  lighter  weight,  which  is 
just  the  reverse  of  the  alchemist's  dream.  This  process  of  transforma- 
tion represents  and  is  the  basis  of  Rutherford  and  Soddy's  disintegra- 
tion theory-. 

Occurrence  of  Badioactiye  Substances  in  Nature. — Practically  nothing 
is  known  relative  to  the  formation  of  the  primary  radioactive  elements. 
Rutherford  suggests  that  these  heavy  atoms  are  constructed  of  units 
composed  of  helium  and  hydrogen.  It  will  be  remembered  that  helium 
is  always  found  in  the  presence  of  the  radioactive  substances,  that  it  is 
an  inert  gas,  that  its  atom  is  an  alpha  particle  and  that  this  atom  simu- 
lates in  several  particulars  the  hydrogen  atom.  Furthermore,  helium 
is  known  to  exist  in  the  sun.  Barrel  has  suggested  that  the  primary 
radio-elements  are  being  constantly  produced  in  the  interior  of  the 
earth. 

Radioactive  substances  are  widelv  distributed  in  nature.  The 
largest  amounts  are  found  in  the  pitchblende  (uraninite)  deposits  of 
Bohemia.  In  a  ton  of  this  Bohemian  (Joachimsthal)  pitchblende, 
which  contains  about  50  per  cent,  of  uranium,  the  yield  of  radium  is 
roughly  about  .17  gm.  Pitchblende  is  found  in  several  countries;  in 
the  United  States  a  deposit  with  a  good  radium  jield  is  located  in  Colo- 
rado but  it  occurs  in  small  quantities  only.  Carnotite  is  found  in 
Colorado  and  Utah.  This  mineral  is  not  very  rich  in  radium  but  it  is 
found  in  large  quantities.  In  Brazil  are  found  inexhaustible  deposits 
of  thorium-containing  ore. 

Traces  of  radioactivity  have  been  noted  in  sea-water,  river  waters, 
spring  waters,  volcanic  and  other  rocks,  earth,  air,  etc.  As  a  matter 
of  fact  there  are  few  places  where  a  trace  of  radioactivity  cannot  be 
demonstrated.    A  minute  trace  is  found  in  organic  tissues.     This  last 
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factor  has  led  to  the  interesting  suggestion  that  malignant  tissues  might 
be  less  radioactive  than  normal  tissue  but  this  has  not  been  found  to 
be  so.  It  is  evident  that  we  live  in  a  medium  of  radioactivity  but  there 
is  as  yet  no  conclusive  evidence  to  support  the  belief  that  radioactivity 
as  we  understand  it,  is  directly  necessary  to  life. 

On  account  of  the  radioactive  content  (usually  emanation)  of  certain 
natural  springs,  these  waters  have  been  extensively  advocated  in  the 
treatment  of  various  chronic  diseases.  Some  of  these  waters  are  fairly 
potent,  but  Colwell  and  Russ,  in  reviewing  some  analyses  state  "there 
was,  however,  no  obvious  connection  between  the  amount  of  emanation 
found  and  the  potency  of  such  waters  from  the  point  of  view  of  spa 
treatment,  some  of  the  most  celebrated  spas  having  among  the  lowest 
recorded  emanation."  Chart  8  gives  the  radioactivity  of  a  few 
spring  waters. 

Millicuries  per 
Spring  waters.  million  liters. 

Bath 1.73 

King's  Well  water 1.19 

Cross  Bath  waters  .      . 1 .  70 

Hetling  Bath  water 33.65 

King's  Well  gas 

Buxton 0.83 

Hospital  Natural  Bath  water 0.83 

Crescent  Pump-Room  water 1.10 

GenUemen's  Natural  Baths  water 7.7-8.6 

Curies  per  liter. 

Karlsbad,  Bohemia,  Eisenquelle 28.4  xlO~* 

Karlsbad,  Bohemia,  Muhlbrunnen 48.4  xlO~* 

Marienbad,  Bohemia,  Nebenquelle 42.5xl0~* 

Teplitx-Sch5nan,  Bohemia,  Steinbadquelle 41.5  xlO~* 

Gasteni,  Austria,  Grabcnbackerquelle 80.7  xlO~* 

Hot  Springs.  Arkansas,  U.  S.  A.,  Twin  Spring 3.0  x  10"* 

Hot  Springs,  Arkansas,  U.  S.  A.,  Imperial  Spring 9.0  x  10~* 

Chart  8. — Radium  emanation  in  spring  waters. 

Badiations  from  Badioactiye  Substances. — ^The  radiations  emitted 
from  the  radioactive  bodies  are  three  in  number — alpha,  beta  and 
gamma  rays.  A  study  of  the  preceding  charts  will  show  that  every 
substance  which  emits  gamma  radiation  also  gives  off  beta  particles 
but  the  converse  is  not  always  true.  When  an  atom  breaks  down  and 
an  electron  is  liberated  it  will  give  rise  to  electromagnetic  waves  (gamma 
rays)  providing  the  electron  starts  out  at  a  sufficiently  high  velocity. 

Alpha  Rays, — The  alpha  rays  or  particles  are  actually  helium  atoms 
and  carry  two  positive  units  of  electricity.  Their  mass  is  therefore 
four  times  that  of  a  hydrogen  atom.  They  travel  at  high  velocity, 
the  speed  depending  upon  the  substance  from  which  they  are  derived, 
but  from  any  one  substance  the  alpha  particles  all  have  the  same 
velocity.  The  average  velocity  is  about  yV  that  of  light  (18,600  miles 
per  second).  The  penetrability  of  the  alpha  rays  is  very  slight  and 
depends  upon  the  velocity.  The  greatest  range  in  the  air  for  these 
rays  is  8.6  cm.  and  they  can  be  entirely  absorbed  by  a  sheet  of  ordinary 
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writing  paper  or  0.006  cm.  of  aluminium.  They  possess  powerful 
fluorescent,  photographic  and  ionizing  powers  but,  of  course,  the  last, 
while  intense,  is  very  superficial — ^a  fact  of  therapeutic  importance. 
The  alpha  rays  are  deflected  in  the  opposite  direction  from  the  beta 
rays  in  a  magnetic  field. 

Beta  Rays. — ^These  rays  consist  of  negatively  charged  particles — 
electrons.  With  the  exception  of  velocity  they  are  identical  with  the 
cathode  rays  of  the  x-ray  tube.  They  travel  at  high  velocity  and  this 
velocity  depends  upon  the  substance  from  which  they  are  emitted. 
But  unlike  the  alpha  rays,  the  beta  rays  from  any  one  particular 
substance  are  heterogeneous — that  is,  there  is  a  variety  of  speeds. 
The  beta  rays  have  a  much  greater  velocity  than  do  the  cathode  rays. 
The  speed  of  the  latter  ranges  from  tV  "to  i  that  of  light,  while  some  of 
the  former  approach  very  closely  the  velocity  of  light. 

Beta  rays  possess  strong  photographic,  fluorescent  and  ionizing 
powers,  but  to  a  less  marked  degree  than  the  alpha  rays.  The  ionizing 
effect,  however,  is  carried  deeper  into  the  tissues  because  the  beta  rays 
are  capable  of  considerable  penetration,  the  penetrability  depending 
upon  the  velocity.  The  "soft''  beta  rays  are  absorbed  by  0.1  mm.  of 
aluminium;  from  1  to  5  mm.  of  aluminium  will  absorb  most  of  them. 
To  prevent  the  passage  of  all  the  beta  rays  of  high  velocity  it  would 
require  10  mm.  of  aluminium  or  2  mm.  of  lead  (Failla). 

Colwell  and  Russ  find  that  unscreened  beta  rays  are  reduced  to 
about  Yt  of  their  initial  value  after  passing  through  1  mm.  of  aluminium. 
If  the  rays  are  first  screened  by  IJ  mm.  of  aluminium  the  value  is 
reduced  to  about  47  per  cent,  of  the  initial  value.  Also  that  the  initial 
value  is  reduced  to  26  per  cent,  after  passing  through  4^  mm.  of  human 
tissue.  It  is  obvious,  therefore,  that  beta  rays  are  of  therapeutic  value 
only  in  very  superficial  conditions. 

Gamma  Bays, — Gamma  rays,  with  the  exception  of  wave  length, 
are  identical  with  the  x-rays.  Gamma  rays  from  any  substance  are 
heterogeneous — composed  of  different  wave  lengths.  This  range  of 
wave  lengths  is  greater  than  in  the  case  of  the  x-rays.  The  longest 
waves  of  the  latter  are  stopped  by  the  glass  wall  of  the  tube.  This  is 
not  so  in  the  case  of  the  gamma  rays  unless  the  radioactive  substance  is 
placed  in  a  glass  tube  or  is  compelled  to  pass  through  some  other 
filtering  medium.  The  shortest  gamma  rays  are  much  shorter  than 
the  shortest  x-rays,  therefore  gamma  rays  are  the  more  penetrating. 
The  most  penetrating  gamma  rays  are  about  twice  as  penetrating  as 
the  most  penetrating  x-rays  yet  produced.  Practically  10  cm.  of  lead 
will  stop  the  gamma  rays,  but  with  50  millicuries  of  radium  emanation 
the  presence  of  gamma  rays  can  be  detected  electrically  (ionization) 
behind  a  lead  screen  25  cm.  thick  (Failla). 

Gamma  rays  possess  strong  ionizing,  photographic  and  fluorescent 
properties  but  to  a  much  less  degree  than  do  the  alpha  and  beta  rays. 

What  has  been  said  relative  to  absorption  of  x-rays  may  be  repeated 
for  the  gamma  rays.    Absorption  of  x-rays,  gamma  rays,  cathode  rays, 
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and  beta  rays  seems  to  be  an  atomic  phenomenon.  This  assertion  is 
based  on  the  fact  that  absorption  is  independent  of  the  chemical 
combination  of  the  atoms  as  shown  by  the  fact  that  if  a  beam  of  radia- 
tion is  passed  through  a  layer  of  silver  nitrate  solution  and  then  through 
a  layer  of  hydrochloric  acid,  the  absorption  ^ill  be  the  same  as  though 
the  two  solutions  comprised  a  single  mixture  and  even  though  silver 
chloride  were  precipitated  in  the  process  (Failla). 

Absorption  of  "hard''  beta  rays  follows  fairly  closely  an  exponential 
law;  that  is,  an  equal  thickness  of  the  same  material  absorbs  the  same 
fractional  amount  of  a  h>T)othetical  incident  beam  of  beta  rays.  Thus 
if  initial  intensity  is  reduced  to  half  value  by  1  mm.  of  aluminum,  2  mm. 
of  aluminum  will  reduce  the  initial  value  to  one-fourth.  This  is  true 
with  both  a*-rays  and  gamma  rays  of  any  given  wave  length,  as  for 
instance,  when  gamma  rays  are  first  filtered  through  several  milli- 
meters of  lead  to  remove  all  but  the  very  short  wave  lengths. 

Practical  Comparison  of  Penetrability. — ^The  student  must  learn  to 
think  of  ar-rays  and  gamma  rays  in  terms  of  wave  lengths.  The  terms 
hard,  medium  and  soft,  to  designate  rays  of  great,  moderate  and  slight 
penetrability,  have  been  employed  for  years  and  will  probably  continue 
to  be  so  used.  There  is  no  objection  to  this  so  long  as  it  is  clearly 
understood  that  penetrability  in  the  case  of  ;r-rays  and  gamma  rays, 
ignoring  density  of  material,  depends  entirely  on  the  wave  lengths,  short 
wave  lengths  being  more  penetrating  than  are  long  wave  lengths.  The 
I>enetrability  of  beta  rays  and  alpha  rays  (particles  of  matter)  depends 
upon  velocity.  The  terms  hard  and  soft  are  also  used  in  the  case  of 
beta  rays. 

Gamma  rays,  as  we  have  seen,  are  more  penetrating  than  are  x-rays. 
It  must  not  be  forgotten,  however,  that  "soft"  gamma  rays  are  less 
penetrating  than  are  "hard*'  or  "medium"  x-rays.  X-rays  are  more 
penetrating  than  beta  rays  but  "hard"  beta  rays  are  more  penetrating 
than  are  "soft"  aj^rays.  Alpha  rays  are  stopped  so  easily  that  they 
can  penetrate  not  more  than  .089  mm.  of  human  tissue  (Colwell  and 
Russ).  It  is  obvious,  therefore,  that  they  could  hardly  penetrate  the 
thin  epidermis  of  the  healthy  skin  or  a  slightly  thickened  horny  layer. 

These  same  authors  show,  by  means  of  an  interesting  table  that  we 
herewith  reproduce  (Chart  9),  the  penetrating  powers  of  the  beta  rays 
in  epithelial  tissue. 

Thickness  of  tiBsue.  Intensity. 

0 100.0 

0.65  mm 85.5 

1.95  mm 62.0 

3.25  mm 43.0 

4.55  mm 26.3 

1.00  cm 6.2 

Chart  9. — Unscreened.^ 

The  numbers  in  this  table  show  that  the  intensity  of  the  "hard" 
beta  rays  would  be  reduced  to  about  ()  per  cent,  of  their  initial  value 

*  After  Colwell  and  Russ,  p.  58. 
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after  traversing  1  cm.  of  tissue.  The  thickness  of  the  entire  skin 
(epidermis  and  derma)  ranges  in  health  between  2  and  4  mm.,  in  a  few 
locations  being  perhaps  6  mm.  thick,  while  in  disease  it  may  be  increased 
to  1  or  2  cm.  It  will  be  obvious,  therefore,  that  in  employing  beta  rays 
for  therapeutic  purposes  one  must  take  into  consideration  the  exact 
anatomical  position  of  the  disease  and  the  depth  of  the  tissue  to  be 
treated.  The  percentage  of  absorption  will  be  less,  of  course,  for  the 
very  superficial  tissues  if  the  beta  rays  are  first  screened.  In  this 
manner  it  becomes  possible  to  affect  the  tissues  to  a  depth  of  several 
centimeters. 

Secondary  Badiations. — When  gamma  rays  strike  an  obstacle  beta 
rays  are  produced.  The  intensity  of  these  secondary  beta  rays  in- 
creases with  the  intensity  of  the  primary  gamma  rays  and  also  with 
the  density  of  the  material  upon  which  they  impinge.  A  primary 
beam  of  beta  rays,  when  stopped  by  a  metal  or  other  substance,  gives 
rise  to  gamma  rays,  the  intensity  and  penetrability  of  these  secondary 
gamma  rays  depending  roughly  on  the  intensity  of  the  primary  beta 
rays  and  the  atomic  weight  of  the  interposed  substance.  The  second- 
ary gamma  rays  can  give  rise  to  tertiary  beta  rays  and  these  in  turn  to 
gamma  rays  and  so  on.  It  is  even  thought  that  the  alpha  rays  when 
arrested  give  rise  to  exceedingly  "soft''  beta  and  gamma  rays.  It  will 
be  seen  from  the  foregoing  that  the  secondary  rays  from  the  radioactive 
elements  are  analogous  to  the  secondary  o^-rays.  Both  gamma  and 
beta  rays  are  "scattered,"  just  as  are  the  a^-rays. 

Emanaticm. — In  the  preceding  pages  we  have  seen  that  several  of  the 
radioactive  elements  emit  an  emanation  and  that  the  gaseous  substance 
is  simply  one  of  a  series  of  products  formed  in  the  process  of  decay.  An 
emanation  is  an  unstable  and  inert  gaseous  element  of  high  atomic 
weight  (radium  emanation  has  an  atomic  weight  of  about  222).  Eman- 
ations are  short  lived  (time  period  of  radium  emanation  is  about  four 
days).  When  the  unstable  atom  disintegrates  it  does  so  by  emitting 
an  alpha  particle.    The  atom  then  becomes  one  of  radium  A. 

Radium  emanation  is  powerfully  radioactive,  the  gamma  and  beta 
rays  being  generated  in  the  process  of  disintegration  of  radium  C,  D  and 
E.  It  is  absorbed  by  water,  the  solutions  being  employed  for  ingestion 
and  injection.  Sealed  glass  capillary  tubes  containing  emanation  are 
inserted  into  cavities.  These  tubes  are  so  small  that  they  can  be  placed 
in  aspirating  needles  which  in  turn  are  inserted  into  malignant  growths. 
As  will  be  shown  in  a  subsequent  chapter,  emanation  therapy  has 
reached  a  high  degree  of  perfection  and  is  rapidly  superseding  the  older 
method  of  employing  radium  directly,  especially  for  deep  therapy  in 
large  institutions. 

Actiye  Deposits. — When  emanation  is  allowed  to  enter  a  vessel  a 
radioactive  substance  is  deposited  on  the  walls  of  the  vessel.  This 
is  known  as  the  active  deposit  and  it  consists  of  a  number  of  rapidly 
changing,  powerful,  radioactive  bodies.  As  will  be  seen  by  a  glance  at 
Chart  5,  the  radium  emanation  emits  alpha  particles  and  becomes 
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radium  A  with  a  time-period  of  three  minutes.     This,  in  turn,  loses 
alpha  particles  and  is  thereby  converted  into  radium  B  which  has  a 
time-period  of  about  twenty-seven  minutes;  and  then  radium  C  (time- 
period  19.5  minutes)  is  formed,  etc.    These  three  bodies — radium  A, 
\^u    ^'  ^^"stitute  the  *' radium  active  deposit  of  quick  change," 
which  emits,  of  course,  alpha,  beta  and  gamma  rays.     This  deposit  is 
^^1^^^^^^  and  it  is  possible  to  place  very  intense  deposits  in  metallic 
needles  and  on  metallic  plates  and  such  applicators  can  be  utilized  for 
therapeutic  purposes.    The  **  active  deposit  of  quick  change"  is  spon- 
^^•^  u^^*^  converted  into  radium  D  which  is  comparatively  inactive  and 
which  has  a  rather  long  time  period  (sixteen  years). 
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CHAPTER  III. 

X-RAY  APPARATUS. 

Current  Supply. — By  direct  current  (D.C.)  is  meant  a  flow  of  electric- 
ity in  one  direction  only.  Dry  cells,  wet  cells,  accumulators  (storage 
batteries)  static  machines  and  D.C.  dynamos  deliver  direct  current. 
A  current  may  be  pulsating  or  intermittent  and  still  be  unidirectional. 
An  alternating  current  (A.C.)  is  one  which  rises  from  a  zero  of  electro- 
motive force  to  maximum,  falls  away  again  to  zero  and  then  is  followed 
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Fig.  3. — Current-time  curve  of  a  simple  alternating  current  circuit. 


by  a  reverse  flow  showing  the  same  characteristics.  If  such  a  current 
takes  all  its  variable  values  once  over  in  a  fraction  of  a  second — say  j^V 
of  a  second — and  repeats  the  operation  00  times  a  second — it  is  desig- 
nated as  a  (K)-cycle  alternating  current.  The  frequency  or  periodicity 
means  the  number  of  cycles  per  second.  There  may  be  two  alterna- 
tions in  each  cycle  so  that  a  60-cycle  current  should  give  120  alterna- 
tions per  second  (Fig.  3). 

When  contemplating  the  purchase  of  .r-ray  apparatus  one  should  be 
able  to  supply  information  relative  to  the  type  of  available  current 
supply.    The  manufacturer  must  know  whether  tlie  supply  is  direct 
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^  «nle«  the  phj^iciTLrJ^S^  .^i:^  ^t»- Uboraton-  or 


«.vu  ;      '••^■^     II  K  advantaeeons  tr^  k*.  ^  "^^^Tues  upon 

J«h  »j.apamy  of  at  least  31)  amp^nJST  tf^^  "^  *  ""^*  ««^ 
;W  the^py  the  Ime  should  be  £w  j^'T ;^^«»P»*tes^ 
P*r«H,  preferably  the  latter.    If  one  d^^)  ^J^  «»  to  100  «^ 

f »  h».m  f«t,  the  meter  mav  be  injured  and  Z  ^F^  *  f"*  is  likdv 
a  verj  undesirable  drop  in  Voltage'^^^.^^o^?  ,7^"*  tln^  *iH  li 
wHI  tr.  «e  that  the  line  ends  bT  heaVT^eT  ^K  - J^'"^  ^  I*  « 
[»««.,  are  enclosed  in  a  suitable  wall  box  Fxi!^  ?*  *"*»  **«^  «»» 
^»|^  wire  should  be  kept  on  hand.  '    ^"^^^ '^  «rtridges  or 

't  «  preferable,  if  possible,  to  use  a  main  line  »K.*  -    -    . 
the  rest  ,4  the  building,  unless  the  wirinit  of ^  h^.n^-  "^5P«»dent  of 
there  will  be  no  fluctuation  in  voltage  due  to  Xy^^T^  ^  =*»<^»»  t»»t 

'n  the  p«.<rt.  when  static  machines  and  coils  w^tT^''**'.^**'- 
gRneratr*s.  a  direct  current  suppiv  was  preferable  1«»  ^P'oywl  as 
flay  apparatus  and  probably  with  apparatus  of  thefi^i;  J*  .  P'^"*- 
Mjrrent  is  mr>re  desirable.  'unire,  alternating 


a 


some 
sics 


U-B^t  several  t.H.u.^ii.i  >i^iu>.    rui  apparimis  inai  will  suppiv  a  siutiihlp 
eurrent  for  jr-ray  work  is  known  as  a  high-potential  generator     Of 
thene  there  are  three  tj-pes:  static  or  influence  machine    ind     t 
roil,  arul  step-up  transformer.    The  static  machine  is  obsolet"^  ^^H 
the  inrlurlion  coil  is  user!  verj'  little  in  modem  roentgen  therao  •    Th 
Htatic  machine  will  be  omittefl  entirely  from  the  discussion      Th^ 
inrjijction  coil  will  be  describeil  partly  because  it  is  still  in  use  in        ^ 
v-ction.H  of  the  country  but  mainly  because  a  knowledge  of  the  nhv  * 
of  an  inriuction  criil  will  enable  one  to  understand  more  readilv  the 
phynicM  o!  a  transformer  and  to  appreciate  its  advantages. 

Indoctioii  Coil.— An  induction  coil  consists  of  two  units — the  primarv 
anri  ^/'fonriary.  The  primary  unit  is  composed  of  a  core  and  the 
f^rimary  winding'  (V\il.  4;. 

Thf  ('(m',.  The  core  consists  of  closel>'  packed,  varnished  soft  iron 
wirf -^  f>r  f)lates,  usually  the  latter.  In  a  larjre  coil  of  heavy  capacitv 
tfie  eore  i^  about  1  inches  in  diameter  and  about  IS  or  20  inches  in 
leri^tfi  M''iK.  h- 

PriiiKirjf  Whidnuj.  The  ])riTnary  winding  consists  of  from  one  to 
tfiree  or  fx-rhaps  more  layers  of  insulated,  heavy  eopjXT  wire.  This 
nuiy  constitute  a  continuous  winding  or  the  various  layers  mav  be  so 
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^n^tiiged  that  they  can  be  connected  in  series  or  in  parallel.    Again 

^f  ^^^nding  may  be  such  that  the  connection  can  be  made  at  various 

poia^ts  in  the  primary  circuit.    The  core  and  primary  winding  is  placed 

m  a     lieavy  tube  of  ebonite  or  micanite  to  insure  perfect  insulation 

beti^?"^n  the  primary  and  secondary  units  (Fig.  4). 

S^^^^ndary, — ^The  secondary  consists  of  many  thousand  turns  of 
insal^ted,  thin  copper  wire.  In  a  large  coil  the  secondary  is  usually 
woiix:i.<l  in  sections,  each  section  being  separated  by  waxed  or  varnished 
pap^:^-  and  connected  in  series.  The  entire  secondary  unit  is  then 
eml>^5jded  in  hot  parafRn,  great  care  being  taken  to  exclude  air-bubbles. 
Fina^lly  it  is  slid  over  the  insulating  tube  enclosing  the  primary  unit  and 
the  ^ic)il  is  complete.  The  terminals  of  the  secondary  winding  terminate 
attli^  parallel  or  alternative  spark  gap  (Fig.  4). 
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**^o.  4. — Schematic  representation  of  induction  coil  (open  magnetic  circuit)  with  hammer 

break  interrupter. 


Parallel  Spark  Gap. — All  high-potential  generators  are  supplied  with 
a  spark  gap  which  provides  an  alternative  path  for  the  current.  It 
acts  as  a  safety  device  because,  in  case  the  resistance  in  the  secondary 
circuit  is  too  high,  the  current  will  jump  or  arc  across  the  air  space 
instead  of  puncturing  the  insulation  of  the  secondary  winding.  The 
maximum  length  of  the  spark  gap  is  always  fixed  by  the  manufacturer. 
Parallel  spark  gaps  are  usually  sharply  pointed,  calibrated  and  adjust- 
able. Imagine  a  "soft"  tube  in  action;  the  spark  gap  is  wide  open. 
Now,  if  it  is  slowly  closed  a  point  will  be  reached  where  sparks  begin 
to  jump  across.  The  distance  is  usually  recorded  in  inches  or  centi- 
meters and  indicates  the  voltage  or  potential  in  the  secondary  circuit 
(Fig.  4). 

Theory  of  an  Eduction  Coil. — ^\Vhen  the  current  enters  the  primary 
winding  the  core  becomes  magnetized  and  a  magnetic  field  is  created. 
The  occurrence,  cessation  or  any  variation  in  the  intensity  of  this 
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magnetic  field  induces  currents  of  short  duration  and  high  voltage  in 
the  secondary.  The  intensity  of  the  induced  current  depends  on  the 
intensity  of  the  magnetic  field  and  the  suddenness  of  its  creation  or 
disappearance.  It  is  obvious,  therefore,  that  some  means  must  be 
provided  for  making  and  breaking  the  primary  circuit.  This  is 
accomplished  by  means  of  interrupters  of  which  there  are  several  types. 

Hammer  Break. — ^This  constitutes  the  simplest  type  of  interrupter 
(Fig.  4).  The  hampier,  which  is  constructed  of  soft  iron  and  mounted 
on  a  thin  band  of  steel  (which  acts  as  a  spring)  is  attracted  to  the  core 
when  the  latter  is  magnetized  and,  consequently,  the  current  is  broken 
and  the  magnetic  field  disappears.  This  in  turn  releases  the  hammer 
which  then  swings  back  and  becomes  part  of  the  primary  circuit.  In 
this  manner  the  hammer  vibrates  rapidly  back  and  forth  breaking 
and  making  the  circuit  with  each  vibration.  The  contact  points  are 
adjustable  and  faced  with  platinum.  The  frequency  of  a  hammer 
break  never  exceeds  200  per  second  and  it  may  be  as  low  as  20  or  30. 
Very  excellent  interrupters  of  this  type  are  now  obtainable  but  coils 
so  equipped  are  capable  of  only  a  light  output. 

Condenser. — Inverse  Cvrrent — l^nless  an  alternative  path  for  the 
primary  circuit  is  provided  there  will  be  an  arcing  between  the  con- 
tact points  of  the  hammer  break  and  the  mercury  jet  interrupters. 
This  arcing  will  prevent  the  action  of  and  may  destroy  the  interrupter. 
The  condenser  supplies  the  necessary  alternative  path  (Fig.  4). 

We  have  already  seen  that  a  current  appears  in  the  secondary,  both 
at  make  and  break  and  that  the  intensity  of  the  induced  current  depends 
partly  upon  the  suddenness  of  the  magnetization  and  demagnetization. 
The  induced  currents  of  the  make  and  break  are  of  opposite  polarity; 
the  former  is  known  as  the  inverse  current  and  is  a  source  of  great 
trouble,  although  recent  improvements  in  construction  have  lessened 
the  difficulty  considerably.  Cores  can  be  demagnetized  more  suddenly 
than  they  can  be  magnetized  so  that  it  is  desirable  to  have  a  method 
that  will  slowly  build  up  an  intense  magnetic  field  in  the  primary  and 
then  very  suddenly  break  it.  In  this  way  there  is  created  a  strong 
induced  current  with  the  break  and  very  little  inverse  current  ^ith  the 
make.  The  condenser,  composed  of  alternate  layers  of  tinfoil  and 
paraffined  paper  or  mica,  receives  and  stores  the  first  rush  of  the 
current  and  allows  the  core  to  become  gradually  magnetized.  At 
break,  on  the  other  hand,  the  condenser  is  discharged  very  suddenly 
with  a  consequent  sudden  demagnetization  of  the  core. 

Electrolytic  Interrupters. — ^When  interruptions  are  exceedingly  rapid 
and  equally  sudden  it  is  not  necessary  to  employ  a  condenser.  An 
electrolytic  interrupter  not  only  produces  interruptions  of  this  character 
but  it  functions  as  a  condenser.  In  this  connection  it  can  be  stated 
that  hammer  breaks  and  mercury-jet  interrupters  are  quite  independent 
of  the  induction  (Ruhmkorflf)  coil.  The  mercury  jet  and  the  hammer 
break  have  their  own  condensers  and  the  latter  possesses  its  own 
induction  coil.    For  these  reasons  the  modern  coil  contains  no  con- 
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l^nser  aod  the  connectitHis  on  the  switch  board  are  so  arraaged  that 
:»Hie  can  switch  into  the  circuit  any  one  of  the  various  tj-pes  of  inter- 
r»*ptters. 

The  electrolrtic  t.i.'pe  of  interrupter  was  designed  by  Wehnelt  in  1899 
Cng.  5),  The  Amplest  tj-pe  of  Wehnelt  interrupter  consists  of  a  glass 
or  porcelain  jar  {J)  containing  dilute  sulphuric  acid  (a)  of  about  one 
t>«irt  of  acid  to  five  of  water,  and  covered  with  a  porcelain  or  glass  lid 
C  ^).  "Hie  jar  contains  two  electrodes;  the  n^^tive  or  cathode  is  a 
IsT^ge  lead  pbte  (c)  which  is  connected  to  a  binding  post  (£)  mounted 
on  the  cover.  The  positive  electrode  or  anode  is  a  lead  covered  copper 
■"ctd  (P)  on  the  lower  end  of  which  is  attached  a  platinum  point  (£); 


Fio.  S. — Schematic  repnaentatioD  of  an  riectnilytie  intemipter  of  Wehnelt  type. 


the  upper  extremity  ends  in  a  binding  post  {F).  This  electrode  is 
enclosed  in  a  conical  porcelain  sleeve  (S)  at  the  lower  end  of  which  the 
platinum  point  protrudes.  The  circumference  of  the  opening  at  the 
lower  end  of  the  porcelain  tube  is  about  that  of  the  platinum  anode. 
Also, the  tube  is  provided  with  two  ^ents  ( II)  for  the  escape  of  liquid 
that  finds  its  way  into  it.  The  anode  is  connected  to  a  lever  (/-)  which 
can  be  adjusted  by  a  thumb  screw  (G),  which  in  tuni  permits  the 
I^tinum  anode  to  protrude  to  any  desired  extent.  In  this  manner 
the  amperage  or  amount  of  current  can  be  controlled. 

TTie  method  of  action  of  the  Wehnelt  interrupter  is  as  follows :  When 
current  enters  the  interrupter  the  density  of  the  current  is  so  great  at 
the  small  anode  that  the  latter  becomes  hot  and  steam  is  fonned; 
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electrolysis  also  occurs,  with  the  liberation  of  hydrogen  and  oxygen. 
The  bubble  of  gas  thus  formed  seals  the  anode  and  prevents  the  further 
passage  of  electricity.  Self-induction  then  occurs  in  the  circuit  and 
this  induced  current  is  discharged  as  a  spark  at  the  anode.  The  spark 
explodes  the  bubble  of  gas,  allows  the  solution  to  come  in  contact  with 
the  anode  and  the  circuit  is  again  closed.  The  rate  of  interruption 
varies  from  200  to  2000  per  second  depending  upon  the  size  of  the 
platinum  point  and  the  depth  of  its  emersion  into  the  liquid  conductor. 
The  interrupter  does  not  work  well  with  low  amperage  (below  10 
amperes)  nor  above  30  or  40  amperes.  It  works  with  both  direct  and 
alternating  currents,  but  of  course  there  is  considerable  loss  in  efficiency 
when  used  in  conjunction  with  the  alternating  current. 

Sources  of  Trouble  with  the  Wehnelt  Interrupter. — It  does  not  act 
steadily  with  weak  currents.  It  heats  quickly  and  when  hot  it  does 
not  work  well.  The  platinum  point  corrodes  as  also  does  the  opening 
at  the  lower  end  of  the  porcelain  tube.  The  result  is  that  the  bubbles 
do  not  effect  complete  insulation.  Electrolytic  interrupters  are  likely 
to  permit  more  or  less  inverse  current  which  must  be  choked  off  by 
the  use  of  valve  tubes. 

The  level  of  the  solution  must  be  maintained  at  one  inch  above  the 
lower  end  of  the  porcelain  tube.  If  it  falls  to  within  |  inch  from  the 
bottom  of  the  tube  the  interrupter  will  fail  to  work  properly.  In 
making  the  electrical  connection  one  must  be  certain  that  the  platinum 
point  is  positive.  If  the  polarity  is  reversed  there  is  danger  of  breaking 
the  porcelain  tube  or  the  platinum  point  may  fuse.  Reversed  polarity 
is  detected  by  the  fact  that  the  induction  coil  will  produce  only  short 
sparks  in  spite  of  a  strong  current  in  the  primary  and  the  interrupter 
produces  a  coarse,  low-pitched  sound.  If  the  porcelain  tube  is  broken, 
or  if  the  platinum  point  is  worn  out  or  has  become  detached  or  if  it 
extends  too  far  into  the  liquid,  the  result  is  about  the  same  as  with 
reversed  polarity. 

The  platinum  point  may  be  so  adjusted  that  the  interrupter  and 
coil  will  work  satisfactorily  without  any  resistance  in  the  circuit. 
Now  if,  for  instance,  one-half  of  the  resistance  (rheostat)  is  put  in  the 
circuit  the  interrupter  will  not  work.  The  reason  for  this  is  that  the 
platinum  point  is  extending  so  far  into  the  solution  that  the  feeble 
current  passing  through  the  resistance  is  not  strong  enough  to  produce 
bubbles  of  steam  and  gas  in  sufficient  quantities  to  interrupt  the 
circuit.  It  is  advisable,  therefore,  to  employ  the  interrupter  without 
resistance  or  to  regulate  both  the  platinum  point  and  rheostat  until 
the  desired  result  is  obtained.  If  the  platinum  point  is  raised  until 
it  is  flush  with  the  end  of  the  porcelain  tube  a  large  bubble  may 
form  and  remain  over  the  opening  and  prevent  the  interrupter  from 
operating. 

Mercury  Interrupters. — ^This  t>T)e  of  interrupter  is  not  subject  to  the 
amperage  and  voltage  limitations  that  are  characteristic  of  the  electro- 
lytic tyY>e.    It  causes  slow  magnetization  and  sudden  demagnetization 
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of  the  core  because  the  current  is  "off"  longer  than  "on."  For  this 
reason,  also,  there  is  less  inverse  current.  Furthermore,  these  com- 
paratively long  periods  of  rest  are  beneficial  when  verj'  rapid  interrup- 
tions are  employed  as  the  heating  effect  in  the  x-ray  tube  is  less. 
Finally,  the  number  of  interruptions  per  second  can  be  controlled  by 
the  speed  of  the  motor,  200  a  second  lieing  alwut  the  maximum. 

There  are  a  number  of  mercury  interrupters  on  the  market,  but  in 
prindple  they  are  all  verj'  much  the  same.  In  some  the  inteiruptions 
are  obtained  by  a  rapid  dipping  of  a  plunger  into  a  pan  of  mercury. 
In  others,  a  jet  of  mercury  is  pumped  against  a  series  of  revolving 
conductors;  or  intermittent  jets  of  mercury  are  forced  against  a  single 
conductor.  Fig.  6  illustrates  diagrammatically  the  principle  of  the 
mercur)'  break. 


Fio.  8. — Schematic  drawing  ot 


The  interrupter  consists  of  a  small  iron  cup  (.1)  which  has  a  gas-tight 
cover  through  which  pass  two  inlet  valves  (-(),  Mounted  on  tlie 
under  surface  of  the  cover  is  an  iron  plate  (/)  which  acts  as  a  conductor 
(sometimes  there  are  several  such  conductors).  This  plate  is  con- 
nected with  the  binding  post  (2)  but  carefully  insulated  from  the  cover 
of  the  cup  through  which  it  passes.  Passing  through  the  center  of  the 
cover  is  a  revolving  shaft  (S  M)  coiled  aroimd  and  fastened  to  which 
is  an  iron  tube  (S).  The  outer  end  of  the  shaft  is  connected  to  an 
electric  motor.  The  cup  is  partially  filled  with  mercury  (J/).  The 
coiled  tube  is  open  at  both  ends.  As  the  shaft  is  ma<le  to  revolve  by 
the  motor,  the  lower  end  of  the  tube  collects  mercury  which  is  ejected 
from  the  upper  end  and  as  this  upi>er  end  passes  the  electr<Kle  (,0  tUe 
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stream  of  mercury'  closes  the  circuit.  Then,  as  the  end  of  the  coiled 
tube  leaves  the  electrode  the  circuit  is  broken.  The  number  of  inter- 
ruptions per  second  is  varied  by  the  speed  of  the  motor  and  by  the 
number  of  conductors. 

As  the  circuit  is  broken  there  is  a  flash  or  arc  between  the  end  of  the 
revoking  iron  tube  and  the  metal  electrode.  This  arcing  seriously 
interferes  with  the  proper  action  of  the  interrupter  and  coil.  The 
arcing  can  be  reduced  by  the  aid  of  a  condenser  (C)  which  is  placed 
between  the  binding  posts  {2  and  3),  It  can  be  still  further  reduced 
by  filling  the  space  between  the  mercury  and  the  top  of  the  cup  with  a 
dialetric.  For  this  purpose  kerosene,  lubricating  oil,  hydrogen  and 
illuminating  gas  have  been  employed.  Coal  gas  seems  to  produce  a 
stronger  and  more  abrupt  quenching  of  the  spark  so  that  it  is  generally 
used  for  this  purpose. 


Fig.  7. — Schematic  representation  of  a  rheostat. 

The  possible  sources  of  trouble  with  the  mercury  break  are:  the  gas 
may  l)ecome  exhausted ;  if  oil  is  used  the  mercury  may  become  oxidized 
an(l  it  is  then  no  longer  a  good  conductor;  the  comlenser  may  break 
down,  the  motor  may  need  oiling  or  the  brushes  and  commutator 
rcciuire  cleaning. 

Accompanying  a  coil  outfit  are  a  number  of  instruments  some  of 
which  arc  indispensable.  The  essential  accessories  are  herewith  briefly 
(lescrihed. 

Rheostat.  -  A  rheostat,  by  oflVring  resistance  to  the  passage  of  the 
current,  allows  the  amount  of  the  latter  to  be  controlled.  Rheostats 
are  constructed  in  many  ways,  hut  the  popular  type  in  this  country  is 
composed  of  (lernuni  silver  wire  (which  ofi'ers  considerable  resistance) 
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wound  on  a  series  of  asbestos  tubes.  The  construction  is  such  that  if 
one  section  should  bimi  out  it  may  be  replaced.  The  wire  gets  very 
hot  during  the  passage  of  a  current  so  that  the  series  of  tubes  is  placed 
in  an  iron  case  which  is  constructed  so  that  there  is  a  free  circulation  of 
air.  The  contact  buttons  on  the  iron  case  should  be  renewable  without 
the  necessity  of  disconnecting  any  of  the  wires.  Fig.  7  illustrates  the 
principle  of  a  rheostat. 

Referring  to  Fig.  7  (7)  is  the  iron  case  enclosing  the  series  of 
asbestos  tubes  around  which  is  coiled  the  German-silver  wire  (6).  The 
tubes  are  connected  in  series  with  the  contact  buttons  {3  to  6),  The 
lever  (4)  swings  across  the  contact  buttons  and  brings  any  desired 
number  of  tubes  into  the  circuit.  The  binding  posts  for  the  supply 
are  shown  at  1  and  Z. 


Fig.  8. — Drawing  of  an  oscilloscope. 


Fia.  9. — Showing  absence  of  inverse  current. 


x:::::::j  ■:: x 


Fig.  10. — Showing  inverse  current. 

Oscilloscope. — ^This  instrument  is  for  the  purpose  of  detecting  inverse 
current.  It  consists  of  a  low  vacuum  tube  about  5  inches  in  length 
and  1  inch  in  diameter.  It  contains  two  iron  electrodes  the  inner  ends 
of  which  are  separated  by  a  space  of  about  ^  inch.  When  a  unidirec- 
tional high-tension  current  passes  through  this  tube  there  is  a  violet 
glow  around  the  end  of  one  electrode.  When  there  is  inverse  current 
there  is  a  \iolet  glow  around  the  ends  of  both  terminals  (Figs.  8,  9 
and  10). 

Rectifiers  and  Valye  Tubes. — ^The  inverse  current  must  be  suppressed 
because  it  exerts  a  very  detrimental  affect  on  the  x-ray  tube  and 
seriously  interferes  with  its  proper  action.  There  are  two  common 
methods  of  rectifying  the  current  from  an  induction  coil,  namely,  the 
spark  gap  and  the  valve  tube.  Rectifying  spark  gaps  may  be  single 
or  multiple  and  are  more  efficient  if  the  spark  is  allowed  to  jump 
from  a  pointed  anode  to  a  plane  or  cup-shaped  cathode  (Fig.  11). 
Valve  tubes  are  considered  to  be  better  rectifiers  than  are  spark  gaps; 
they  were  first  advocated  by  Villard.    The  theory  of  their  action  is 
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that  the  eaaest  path  for  a  discharge  through  a  \-8CUUin  tube  is  that 
which  makes  the  less  restricted  electrode  the  cathode.  For  this  reason 
valve  tubes  possess  a  large  negative  and  a  small  po^tive  electrode. 
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The  tubes  are  of  various  designs  but  the  principle  is  always  the  same 
(Fig.  11).  The  vacuum  must  be  low  as  there  is  a  tendency  for  the 
tube  to  become  "  hardened"  with  use;  all  valve  tubes  have  some  method 
of  reducing  the  vacuum.  In  the  accompanying  illustration  an  auto- 
matic "regulator"  is  shown  (see  p.  84).  Several  of  these  valve  tubes 
may  be  placed  in  the  circuit. 

Controlling  Apparatus. — A  switch  board  consisting  of  a  marble  slab 
upon  which  are  mounted  the  necessary  switches,  the  rheostat,  pilot 
lamp,  fuses,  ammeter,  etc.,  is  supplied  with  the  coil.  Some  of  these 
switch  boards  are  very  elaborate  and  contain  all  sorts  of  controlling 
devices.  The  essentials  are  a  heav\'  switch  for  the  supply,  a  resistance 
coil,  fuses,  and  an  ammeter  to  measure  the  amount  of  current  supplied 
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Fig.   12. — Schematic  representation  of  intemipterless  transformer  (closed  magnetic 

circuit) . 


to  the  primary  of  the  coil.  Voltmeters,  for  measuring  the  energy 
input,  are  occasionally  used  and  when  they  are  it  is  necessary  to  make 
a  shunt  connection  with  the  line.  A  description  of  the  milliammeter, 
an  instrument  which  measures  the  current  in  the  secondary  circuit, 
will  be  found  on  page  106.  Fig.  11  is  a  schematic  drawing  to  illustrate 
the  general  circuit  for  a  coil  outfit. 

Intemipterless  Transformer. — ^There  are  a  variety  of  high-tension 
transformers  on  the  market.  In  this  country  the  so-called  interrupter- 
less  transformer  is  the  one  in  general  use.  The  interrupterless  trans- 
former was  designed  by  H.  C.  Snook,  of  Philadelphia,  in  1908;  since 
then  it  has  been  modified  and  improved.  (Priority  is  claimed  by 
Koch,  1904.)  The  apparatus  made  and  advocated  by  the  various 
manufacturers  differ  in  structural  detail  but  the  principle  is  very  much 
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the  same  in  all.  The  intemipterless  transformer  has  many  advantages 
over  the  coil.  There  is  no  interrupter,  the  current  is  unidirectional, 
the  capacity  is  very  high  and  the  output  is  under  almost  perfect  control. 
The  current  is  pulsating  but  the  pulses  are  absolutely  regular  in 
periodicity,  a  fact  of  technical  importance  in  roentgen  therapy. 

The  apparatus  (Figs.  12  and  13),  consists  essentially  of  three  parts 
— motor-converter,  high-tension  transformer  and  high-tension  rectifier 
or  commutator. 

The  motor-converter  or  rotary  is  only  used  in  case  the  supply  con- 
sists of  a  direct  current.  In  this  case  the  current  is  converted  into  an 
alternating  current.  If  the  supply  consists  of  an  alternating  current 
a  svnchronous  motor  is  used  instead  of  the  motor-converter. 
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<r. 


TRANSFORMER 


SHAFT 


Fia.  13. — Diagrammatic  representation  of  a  high-tension  rectifying  switch. 

The  alternating  current  enters  the  transformer  where  it  is  converted 
by  electromagnetic  induction  into  an  alternating  high-tension  current. 
The  transformer  is  simply  an  oil-immersed  step-up  transformer.  It  is, 
in  other  words,  an  induction  coil  with  a  closed  magnetic  circuit.  It 
consists  of  a  soft  iron  core  made  in  the  form  of  a  hollow  square.  Around 
one  arm  of  the  core  is  wound  the  heavy  wire  primary  while  around  the 
opposite  arm  is  wound  the  fine  wire  secondary.  The  windings  of  the 
primary  and  secondary  and  the  insulation  are  similar  to  those  found  in 
an  ordinary  induction  coil  of  high  capacity.  A  series  rheostat  is  placed 
in  the  primary  circuit  for  the  purpose  of  controlling  the  primary 
current. 

The  high-potential  current  from  the  secondary  of  the  transformer 
is  conducted  to  the  high-tension  rectifier  where  it  is  converted  into 
a  unidirectional  pulsating  current  suitable  for  the  excitation  of  the 
x-ray  tube.    The  rectifier  may  be  a  disc  of  non-conducting  material 
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mounted  on  the  shaft  of  the  motor.  It  has  a  diameter  of  about  18 
inches  and  rotates  with  the  motor,  making  about  1800  revolutions  per 
minute.  Referring  to  Fig.  12,  Cl  and  C2  are  metal  conductors 
about  2  inches  longer  than  J  the  diameter  of  the  disc.  Bl,  2,  3  and  4 
are  brushes  or  collectors  placed  so  as  to  make  contact  with  the  con- 
ductors Cl  and  C2.  When  the  rectifier  is  properly  adjusted  in  relation 
to  the  phase  of  the  current  the  apparatus  works  in  the  following 
manner:  The  high-tension  terminals  of  the  transformer  are  connected 
to  brushes  52  and  54;  the  brushes  Bl  and  B3  are  connected  to  the 
parallel  spark  gap.  Assuming  that  at  a  given  instant  the  secondary 
terminal  S,  is  positive,  the  high-tension  current  is  carried  to  iJ4, 
through  the  conductor  C2  and  53  then  up  to  one  terminal  of  the  spark 
gap.  The  current  jumps  this  gap  or  passes  through  the  x-ray  tube 
and  reaches  51,  then  through  conductor  Cl  to  52  and  finally  reaches 
the  other  terminal  of  the  transformer,  S2.  Now  assume  that  the  disc 
makes  a  quarter  turn.  The  polarity  at  S  has  now  changed  to  negative. 
The  position  of  the  conductors  on  the  disc  have  changed  so  that  now 
54  is  in  contact  with  Cl.  The  current  then  travels  up  to  the  right 
hand  parallel  spark  gap  terminals  by  way  of  51  and  this  terminal  is 
negative  just  as  it  was  in  the  first  instance.  The  left  hand  high 
tension  terminal  S2  is  positive  and  current  is  carried  to  52;  the  con- 
ductor C2  is  now  in  a  position  to  carry  the  current  from  52  to  53  and 
thence  to  the  terminal  of  the  spark  gap  that  was  at  first  positive  and 
which  is  still  positive.  Thus  we  see  that  the  rectifier  mechanically 
commutates  or  changes  the  alternating  high-tension  current  from  the 
transformer  into  a  direct,  pulsating,  high-tension  current.  This  change 
takes  place  four  times  per  revolution  of  the  motor. 

Another  type  of  rectifying  switch  is  composed  of  a  series  of  con- 
ductors placed  in  ebonite  insulating  tubes.  The  conductors  are 
mounted  on  and  rotate  with  the  shaft  of  the  motor.  As  will  be  seen 
by  Fig.  13  the  theory  is  exactly  the  same  as  that  illustrated  in 
Fig.  12. 

Interrupterless  transformers  are  usually  made  in  two  sizes — 2  and 
10  kilowatt.  A  2  K.W.  transformer  gives  a  7-inch  spark  gap  and  is 
suitable  for  superficial  therapy.  It  may  be  used  also  for  deep  therapy. 
Where  greater  penetration  and  heavy  currents  are  necessary,  as  in 
deep  therapy  and  diagnostic  work,  a  10  K.W.  transformer  is  preferable. 

Sources  of  Trouble  with  the  Interrupterless. — The  blowing  out  of  a 
fuse  is  likely  to  prove  very  troublesome  and  rather  confusing.  If  the 
apparatus  is  running  on  the  direct  current  the  motor-converter  will 
cease  to  operate  when  the  fuse  gives  out.  With  the  alternating  current 
there  are  two  separate  circuits,  one  for  the  synchronous  motor  and  one 
for  the  primary  of  the  high-tension  transformer.  In  this  case  it  is 
possible  for  a  fuse  in  the  motor  circuit  to  bum  out,  but  this  would  not 
prevent  the  current  passing  to  the  transformer.  On  the  other  hand 
the  fuse  in  the  primary  circuit  of  the  high-tension  transformer  might 
give  out,  but  this  would  not  prevent  the  motor  from  running.  It  would 
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be  indicated  by  the  fact  that  the  motor  ran  although  no  ^....^  ^ 
be  obtained  from  the  spark  gap.    The  same  phenomenon  w^.W  '''''^^ 
if  the  high-tension  transformer  broke  down.     In  oS£  to  d  fi  "^f 
determine  whether  or  not  the  transformer  has  broken   j    ^  ^^^^ 
connect  the  transformer  from  the  rectifier  and  then  extend  ^^'        # 
wire  from  one  terminal  of  the  high-tension  transformer  to  Txr;+K-^*^ 
3  inches  of  the  other  terminal.    If  a  spark  does  not  jumraciH     Vv^ 
space  when  the  current  is  turned  on  the  trouble  is  in  the  tran  f  ^ 
providing  the  fuse  in  the  primary  circuit  has  not  broken.  ^  ^'"^er* 

It  is,  of  course,  absolutely  necessary  that  the  rectifier  be  nro      1 
adjusted  to  the  phase  of  the  current— it  must  keep   step      g^- 
mounted  on  the  shaft  of  the  synchronous  motor  or  the  rotary  ^n     i^^^ 
the  only  way  the  rectifier  can  get  out  of  step  is  by  slipping  on  the^  hft ' 
It  would  then  cease  to  rectify  the  current  and  the  fault  wouW  h 
indicated  by  considerable  sparking  at  various  places  and  verv  I'ttl^ 
current  at  the  parallel  spark  gap.  ^         ^ 

Another  occasional  source  of  trouble  is  that  for  some  reason  or    th 
the  synchronous  motor  may  not  synchronize.    In  other  words  it  ^^ 
out  of  step  with  the  initial  alternating  supply.    Such  trouble  is  ind'^ 
cated  by  intermittent  current  at  the  spark  gap.  *" 

Lack  of  oil  will  interfere  >\dth  the  proper  running  of  the  motor 
also,  will  oil  that  may  collect  in  the  brushes  and  commutator      Th 
motor  and,  for  that  matter,  the  entire  apparatus  should  be  kept' clean- 
all  carbon  deposits  especially  should  be  removed  as  they  cause  short 
circuits.    Transformers  are  usually  embedded  in  a  case  of  oil.     One 
should  observe  the  oil  level  occasionally  and  see  that  it  is  not  too  low 
If  oil  is  added  use  only  the  grade  that  is  supplied  by  the  manufacturer 

Autotransformer   (Fig.  14).— In  order   to  control   the    amount  of 
current  supplied  to  the  transformer  a  rheostat  is  usually  placed  in  the 
primary  circuit.    The  objection  to  a  rheostat  is  that  control  of  current 
by  resistance  is  associated  with  loss  of  voltage  and  this  loss  of  voltage 
is  proportionately  greater  with  heavy  than  with  light  currents.    Shearer 
illustrates  this  drop  in  voltage  as  follows:     "  If  we  have  a  resistance  of 
1.5  ohms  and   10  amperes  current  the  voltage  consumed  will   be 
1  5  X  10  =  15  volts.    If  we  have  the  same  resistance  and  60  amperes, 
1  5  X  60  =  90  volts  will  be  used  up  in  the  control;  and  if  the  line  voltage 
is  220,  only  130  volts  can  be  useful  on  the  j'-ray  transformer  primary." 
It  may  help  the  reader  to  understand  this  drop  in  voltage  if  he  will 
visualize  a  transfonner  in  action.    Imagine  a  Coolidge  tube  being 
ac-tuated  by  an  interrupterless  transfonner.    Let  us  assume  that  the 
rheostat  control  is  set  on  the  sixth  button,  that  the  milliammeter 
rcLMsters  2  and  the  spark  gap  7.    Now  a  little  more  current  (from  the 
stora^^e  battery)  is  allowed  to  pass  through  the  (^oolidge  filament— 
the  fil-nnent  becomes  hotter,  the  potential  is  lowered  and  more  current 
passes  through  the  tube  as  shown  by  the  milliammeter.    That  this 
current  is  of  lower  voltage  is  shown  by  a  shorter  spark  gap.  ^ 

The  autotransformer  controls  the  current  m  the  pnmary  circuit 
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by  the  impedence  of  autoinduction  and  there  is  considerably  less  drop 
in  volta^  when  the  current  is  increased  than  when  a  rheostat  is 
employed.  This  impedence  may  be  briefly  explained  in  the  following 
manner:  When  an  alternating  current  is  pass«l  through  a  wire  wound 
around  an  iron  core  an  induced  electromotive  force  of  opposite  sign  is 
created  when  the  current  is  made.  This  counter  electromotive  force 
retards  or  impedes  the  primary  current.  The  degree  of  impedence 
depends  upon  the  strength  of  the  counter  electromotive  force  and 


Fio.  14. — Schematic  drawing  of  an  autolransfonner.     (Shearer.) 

this  in  turn  is  in  relation  with  the  number  of  turns  of  wire  included  in 
the  circuit.  With  any  given  setting  on  the  autotransformer  (number 
of  turns  of  wire  in  the  circuit)  the  amount  of  current  may  be  increased 
or  diminished  with  relatively  little  change  in  voltage.  Shearer  shows 
the  behavior  of  the  rheostat  and  autotransformer  on  a  particular 
machine  by  means  of  a  chart  that  is  herewith  rei)roduce(l  (Chart  10). 
"Starting  at  10  M.A.  and  00  K.V..  and  raising  the  tube  current  on  a 
fixed  rheostat  setting,  gives  the  series  of  currents  and  voltage  shown  by 
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the  line  A.C;  while  on  a  fixed  autotranafomier  setting  we  have  the 
line  A  B.  Since  the  quantity  of  radiation  (measured  photographically) 
increases  as  the  current  and  the  square  of  the  voltage,  we  may  compute 
the  relative  amount  of  radiation  regardless  of  penetration.  Curve  DE 
shows  the  rheostat  delivery  down  as  low  as  useful  rays  are  produced; 
DF  shows  the  delivery  on  the  aiitotransformer  up  to  60  M,A." 

As  pointed  out  by  Shearer  the  autotransformer  is  of  special  value 
when  the  filament  current  is  not  steady.  "Thus,  if  the  tube  current 
is  changed  from  10  to  15  M.A.,  with  a  rheostat  control  the  radiation 
would  be  reduced  in  quantity  from  32  to  25  arbitrary  units  and  also 
would  be  much  less  penetrating;  while  with  the  autotransformer  the 
same  change  would  result  in  an  increase  in  quantity  from  32  to  50  units 
very  slightly  less  penetrating  than  at  10  M.A." 
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Chart  10. — -Relation  of  i-ray  production  on  two  (ypea  of  control.  On  rheostat  oon- 
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irrpKpondiiiic  X-radiali»n  iiunntily,  ordiniitcs  at  the  right.     A   R,   autotransfonncr 


chitr 


line.     D  F.  1 


Tcsponding  quantity  line.     Quanlily  in  arbitrary  u 


Portable  Transformers  (Figs.  15,  Hi  and  17). — There  are  a  numl>er 
of  portable  transformers  on  the  market.  They  have  been  given  various 
names — j)ortable  transfonner.  bedside  unit,  dental  avray  unit,  etc. 
Ail,  however,  are  based  on  the  same  prindple.  The  apparatus  conasts 
of  a  coinhiiied  cabinet  anil  tube  stanil.  The  tube  stand  is  of  wood  and 
is  mounted  on  the  top  of  the  cabinet.  The  cabinet  is  mounted  on 
four  rollers.  The  tube  (a  description  of  which  will  be  foimd  in  Chapter 
IV)  is  of  the  radiator  (self-cooling  and  self-rectifying)  Coolidge  tjT>e. 
This  is  covered  witii  a  heavy  lead  glass  shield  containing  an  opening 
for  the  ))assage  of  the  3--rays.  The  cabinet  ciintaiiis  the  D.C.  rotar\' 
converter,  a  transfonner  and  a  contn>l  for  tlie  (~'oolidge  filament 
current.  The  handle  for  this  control  is  situated  on  the  top  of  the 
cabinet.     A  specially  constructed  niiiliammeter  is  mounted  on  the  top 
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of  the  cabinet.  There  is  nn  spark  gap,  voltmeter  or  rheostat,  the 
apparatus  operating  on  a  fixed  resistance.  The  apparatus  was  designed 
for  use  with  the  onlinary  interior  wiring  for  hghting  purposes.  There- 
fore its  power  limit  was  fixed  to  correspond  with  the  usual  fuse  capacity 
of  sucli  supply  lines.  It  was  not  designed  to  pennit  variation  by  the 
operator  of  either  current  or  voltage.     It  is  possible  to  obtain  a  bed- 


Fra.  IS. — Uiiili^d  fjliltf  Army  Ix-dsiiJc  uiiil,  (ijuiplctu  for  uitLTUutiue-i.'urrPiit  opera- 
tion: double  throw  siritch  (□  be  drawu  to  the  right,  loose  conQcctiona  below  for  ratiiry 
eooverter  in  umng  direct  currciit.     (Shettrer.) 


side  unit  equipped  with  accessories  that  will  pennit  operation  with 
practically  any  supply  system.  Such  units  possess  a  rotary  converter 
for  a  110  volt  direct  current.  As  there  is  no  rotating  rectifier  there  is 
no  need  of  a  synchronous  motor.  Therefore,  the  apparatus  will 
operate  on  an  alternating  ciu-rent  of  any  ordinary  frequency.  For  use 
witli  a  22()-volt  D.f.  current  it  is  necessary  to  have  a  22()-volt  rotary. 
For  a  220-volt  alternating  current  a  specially  constructed  autotrans- 
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former  is  placed  in  the  circuit.  For  office  use  or  for  portable  purposes 
in  a  restricted  territory  it  is  usually  possible  to  get  along  with  a  110- 
volt  D.C.  rotary  or  a  110-volt  alternating  current  without  a  motor. 
It  is  important,  however,  to  ascertain  if  a  220-volt  current  is  likely 
to  be  used  and  if  so,  to  have  the  necessary  accessories  supplied  with 
the  apparatus. 


JIQC    Q       ^ — I  ,^         , 1- 
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TO  FOOT  SWITCH 


ROTARY  CONVERTER 

Fig.  16. — Wiring  diiiKnini  for  connections,  United  States  Army  Ix'dsideunit  for  110-220 

volt,  d.  c.  or  110  volt.  a.  c.     (Shearer.) 

It  will  be  noted  that  there  is  no  rectifier  in  tlie  apparatus.  The  high- 
tension,  alternating  current  from  tlie  transfonner  is  conducted  to  the 
tube  without  rectification.  As  will  be  seen  in  the  next  chapter  current 
can  pass  in  one  direction  only  through  this  particular  t>T)e  of  x-ray 
tnhc;  therefore^  the  tube  acts  as  a  rectifier. 
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The  primary  circuit  supplies  power  for  both  the  filament  lighting 
and  ar-ray  operation  so  that  only  one  switch  is  necessary.  When  this 
switch  is  closed  current  of  suitable  voltage  passes  through  and  heats 
the  filament.  At  the  same  time  the  high  potential  current  passes 
through  the  tube  and  produces  the  ar-rays.  The  apparatus  is  designed 
to  operate  on  5  milliamp^res  in  the  secondary  or  tube  circuit.  This 
milliamperage  is  obtained  by  adjusting  the  filament  control.  With 
5  milliampSres  the  spark  gap  is  said  to  be  5  inches  (60,000  K.V.). 


TO  OPERATINO 
SWITCH 


TO  eOTARY 


TO  FOOT  SWITCH 


Fio.  17. — Wiring  diagram  for  connections,  Unit^  States  Army  Bedside  Unit  for  220 

volts  a.  c.  circuit. 


Oil-Immersed  X-Bay  Generating  Outfit. — Very  recently  Coolidge  has 
published  an  account  of  an  a:-ray  outfit  in  which  the  transformer 
and  the  Coolidge  tube  is  containe<l  in  the  same  tank  of  oil.  The 
complete  outfit  is  shown  in  Fig.  18.  The  "rectangular  metal  box, 
adjustably  mounted  on  the  tube  stand,  contains  the  ar-ray  transformer 
and  below  this,  in  the  same  tank,  the  special  a;-ray  tube.  A  low-tension 
cable  is  seen  leading  from  this  generating  outfit  to  the  control  box  at 
the  right  of  the  picture.  A  second  cable,  attached  to  the  other  end  of 
the  control  box,  leads  to  the  supply  mains. 

"A  side  view  of  the  generating  outfit  in  partial  cross-section  is  shown 
in  Fig.  19.  In  this  case  the  cone  has  been  removed  and  the  outfit  has 
been  rotated  through  an  angle  of  180  degrees  from  the  position  shown 
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in  Fig.  18,  so  that  the  x-ray  tube  is  now  above  instead  of  below  the 
transformer." 

The  ar-ray  tube  is  of  the  Coolidge  typ>e  but  it  is  very  small  and  with 
the  exception  of  a  lime  glass  window  opposite  the  target,  it  is  composed 
of  heavy  lead  glass.  The  x-rays  pass  through  the  lime  glass  window, 
then  through  a  thin  layer  of  oil  and  finally  through  a  thin  reentrant 
window  in  the  bakelite  cover  of  the  tank.  The  radiation  is  therefore 
filtered  by  these  materials. 

The  apparatus  is  so  constructed  (oil-expansion  chambers)  that  it 
may  be  op)erated  in  any  position.  A  layer  of  aluminium  is  placed  in 
contact  with  the  bakelite  cover  and  metallically  connected  to  the  metal 
tank.     "  If  then  the  tank  is  connected  to  earth,  the  whole  high  tension 
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Fig.  20. — Diagram  illustrating  wiring  and  circuit  of  oil-immersed  x-ray  generating  outfit 

(Coolidge.) 

system  is  inside  of  an  earthed  metal  enclosure  from  which  nothing  but 
x-rays  can  emerge.  The  high-tension  danger  is  then  seen  to  be  com- 
pletely eliminated.  The  generating  outfit  as  shown  in  Fig.  18  is 
suitable  for  10  milliamperes  and  60,000  volts  (useful)  and  weighs  54 
pounds."  The  oil  keeps  the  tube  cool,  therefore  inverse  current  cannot 
pass.  It  is  said  that  the  tube  may  be  run  at  60,000  volts  and  10 
milliamperes  for  ten  minutes  without  overheating. 

"A  schematic  wiring  diagram  is  shown  in  Fig.  20  in  which  21  is 
the  low-tension  coil  of  the  transformer  and  1  and  2  are  the  high-tension 
coils.  Coil  SS  consists  of  but  a  few  turns  of  relatively  coarse  wire. 
It  is  electrically  connected  to  the  high-tension  coil  1,  and  serves  as  a 
source  of  heating  current  for  the  filament  of  the  x-ray  tube.  The 
filament  current  is  controlled  by  a  little  rheostat  8.    Wires  lead  from 
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the  inner  ends  of  the  high-tension  coils  out  through  the  metal  tank, 
indicated  in  the  figure  by  the  dotted  rectangle,  to  24,  a  milliammeter 
located  in  the  control  box.  At  the  bottom  of  the  figure  a  connection 
is  shown  running  from  the  metal  tank  to  ground^" 

The  control  box  consists  of  a  special  autotransformer  by  means  of 
which  it  is  possible  to  vary  the  voltage  supplied  to  the  ar-ray  transformer 
by  steps  of  2  volts  through  a  range  of  32  volts.  "  The  voltage  delivered 
by  the  autotransformer  to  the  ar-ray  transformer  is  indicated  by  a 
voltmeter  and  the  corresponding  high-tension  voltage  is  known  from 
a  sphere-gap  calibration  made  before  the  transformer  was  put  in  the 
tank." 

For  heav>'  work  it  is  possible  to  use  air-cooled  and  water-cooled 
targets. 

Coolidge  sums  up  the  advantages  of  the  oil  immersed  system  as 
follows: 

1.  Elimination  of  all  danger  of  electric  shock  to  patient  and  operator. 

2.  Elimination  of  all  corona  discharges  with  attendant  noise  and 
odor. 

3.  Elimination  of  fire  risks  in  the  presence  of  ether  vapor. 

4.  Possibility  of  any  amount  of  x-ray  protection,  for,  if  necessary, 
the  tank  can  be  lined  with  metallic  lead. 

5.  Practicability,  even  in  small  rooms,  of  the  use  of  as  high  a  voltage 
as  that  for  which  an  ar-ray  tube  can  be  developed. 

().  Possibility  of  bringing  the  focal  point  much  nearer  the  patient 
than  is  onlinarily  practicable. 

7.  Makes  the  tube  mechanically  stronger  by  permitting  the  use  of 
shorter  arms  and  a  shorter  anode  rod. 

8.  Gives  greater  heat  conduction  from  focal  spot  to  the  outer  end  of 
anode  rod  by  shortening  the  distance  the  heat  has  to  travel. 

9.  Assists  in  removal  of  heat  from  the  outer  end  of  the  anode  rod, 
as  oil  is  a  more  effective  cooling  medium  than  air. 

10.  Permits  of  the  safe  and  convenient  use  of  tap  water  for  the 
cooling  of  the  oil  or  ancnle. 

1 1 .  Reducres  the  danger  of  tube  breakage  by  putting  the  tube  in  a 
good  damping  medium  (oil)  and  inside  of  a  metal  container.  It 
furthermore  eliminates  all  handling  of  the  tube. 

12.  Eliminates  effect  of  humidity  on  performance  of  apparatus,  a 
matter  of  considerable  importance  in  moist  climates.  It  also  prevents 
the  (lei)()siti()n  on  the  tube  of  a  conducting  layer  of  salt  spray  at  the 
seashore. 

Wiring  for  High-tension  Circuit.— The  safest  and  most  convenient  tyj>e 
of  wiring  for  the  liigli-tension  circuit  is  tlie  overhead  or  so-called  aerial 
system.  It  is  the  rule  to  use  plain  heavy  copper  wive  or  better  still, 
brass  tubing  I  inch  in  diameter.  The  wires  or  tubing  should  be  two  or 
three  feet  apart,  the  same  distance  from  the  ceiling  and  walls,  and 
between  eight  and  ten  feet  iiigh.  The  ends  of  the  wires  are  attached 
to  tiie  wall  by  means  of  adjustable  insulating  rcnls.     If  they  must  pass 
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near  a  conductor,  such  as  a  pipe,  or  chandelier  both  wires  and  the  pipe 
should  be  thoroughly  insulated  at  this  point.  The  overhead  system 
may  be  employed  for  both  the  gas  and  the  Coolidge  tube.  In  the  latter 
instance  two  of  the  wires  conduct  the  low  voltage  filament  current. 
The  wires  or  tubing  must  be  kept  clean  and  there  must  be  perfect 
contact  at  all  connections.  The  light,  flexible  copper  wire  tor  the 
purpose  of  connecting  the  overhead  system  with  the  3;-ray  tube,  is 
usually  wound  on  a  reel  (Fig.  21)  and  this  reel  can  be  moved  along  the 
overhead  wires  or  tubing. 

All  the  control  instruments,  fuses,  meters,  etc.,  are  mounted  on  a 
marble  ^b.  Thb  switch-board  may  be  attacheil  to  the  apparatus, 
may  be  on  a  movable  stand  or  mounted  in  a  protection  booth  or  even 
in  another  room.  The  operator  is  at  the  switch-board  during  the  entire 
exposure  which  necessitates  placing  the  latter  in  a  booth  or  behind  a 
screen  that  is  suitably  protected  from  the  ar-rays.  Figs.  22  and  2S 
illustrate  floor  plans  that  may  be  of  help  to  the  beginner.    In  Fig.  22 


Fia.  21. — Double  reel  for  Coolidge  tube  used  with  ovcthend  high-tension  wiring. 

the  arrangement  is  very  simple  and  will  do  for  light  work,  sucli  as  is 
required  in  dermatology.  For  hea\-ier  work  it  is  advisable  to  pro\'i(le 
for  better  protection. 

The  selection  of  a  table  and  tube  stand  will  depend  upon  the  require- 
ments of  the  individual  operator.  For  superficial  therapy  a  compli- 
cated stand  is  not  neeessarj'.  It  is  difficult  to  obtain  a  stand  that  will 
answer  perfectly  the  many  requirements  of  a  busy  x-ray  laboratory- 
even  when  only  superficial  work  is  to  be  done.  The  jiriiiciple  requi- 
sites for  the  stand  are: 

1.  Stability  without  being  cumbersome. 

2.  That  will  permit  the  usual  working  distance  of  S  inches  without 
having  metal  parts  close  to  the  skin. 

3.  That  can  be  quickly,  easilj-  and  accurately  a(liu,-ife(i  to  the  part 
to  be  treated. 

4.  That  will  permit  confinement  of  radiation  to  a  very  small  area 
or  that  will  allow  a  spread  of  radiation  over  a  large  area  at  will. 
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A  good  stand  for  superficial  requirements  is  represented  by  the  type 
shown  in  Fig.  25.    This  consists  of  a  vertical  metal  rod  mounted  on 


FiQ.  22. — Drawing  to  illustrate  floor  plan  for  x-ray  laboratory. 

a  base  composed  of  three  legs  on  rollers.  A  metal  horizontal  arm  is 
fitted  on  the  vertical  rod.  This  can  be  moved  up  or  down  or  rotated 
or  securely  locked  in  position:  Inasmuch  as  the  horizontal  arm  is  not 
counterbalanced,  there  is  a  safety  device  which  consists  of  a  metal 
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Fig.  23. — Drawing  to  illustrate  floor  plan  for  more  elal)orate  outfit. 

clamp  which  can  be  securely  locked  at  any  position  on  the  vertical  rod. 
This  will  prevent  the  horizontal  ann  from  sliding  down  through  care- 
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less  or  hurried  loi'lciiig.  At  one  end  of  tlie  horizontal  ann  is  nimnited 
by  means  of  an  adjustable  joint,  a  lead-glass  bowl  for  the  reception  of 
the  J--ruy  tube.  At  the  bottom  of  the  bowl  there  is  an  adjustable  lead 
diaphraj^i  into  which  may  be  inserted  aluminium  or  other  filtering 
material. 


The  stand  is  slron^,  hght,  easily,  quickly  and  accurately  adjusted 
and  securely  fixed  in  almost  any  position.  The  wall  of  the  tube  can  be 
brought  to  within  a  few  inches  of  the  skin  without  projecting  metal 
parts  coming  in  contact  with  the  patient.  The  opening  at  the  bottom 
of  the  lead-glass  l)owl  will  not,  luiwever,  permit  sufficient  spread  of 
radiation  at  a  working  distance  of  S  inches  to  satisfactorily  treat  such 
large  surfaces  as  are  met  with  in  dermatological  practice.     For  this 
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purpose  it  is  advisable  to  have  a  square  wooden  box,  lined  with  i 
that  is  aomewhatjmpervious  to  the  j-rays,  so  constructed  tha 
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oe  quickly  substituted  for  the  lead-^ass  bowl  on  the  horizontal  arm. 
■"*  iMttom  of  the  box,  being  wide  open,  provides  a  wide  spread  of  the 
Such  a  box  is  shown  in  Pig.  26. 


Flo,  ae. 


■  ^'"  _those  who  desire  to  work  with  the  tube  very  close  to  the  skin  it 
disable  to  have  a  wooden  tube  holder  that  can  be  used  In  con- 
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■Lj|ht  woodeD  tube-boldpr 


in  with  metal  stand  shown 


"^ion  with  the  stand  shown  in  Pip.  2').    The  tube  itself  niaj-  be 
•^^tttti  with  pliable  material  that  will  absorb  a  large  percentage  of 
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radiutinn  used  for  superficial  therapeutic  purposes.    Such  an  outfit 
is  sliuwii  ill  Fig.  27. 

A  practical  stand  (recently  developed)  for  superficial  therapy  (and 
which  may  be  employed  in  deep  therapy)  is  shown  in  Fig.  28.     It 


Fio.  28.— Tube-Btand  used 


ithor  for  8Ui>erficittl  Ihcrapeutip  work. 


consists  of  a  strong  perpendicular  metallic  tube.  This  may  be  mounted 
on  three  legs  or  on  a  steel  rail  attached  to  the  table.  Thf  horizontal 
arm  is  made  of  metal  and  it  is  couiiterbalaiicctl.  It  is  freely  movable 
upward,  downward  or  aidewise.  It  may  be  qui<'kly  and  securely  locked 
in  position  and  the  act  of  locking  will  not  move  the  position  of  the 
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horizontal  arm  a  fraction  of  an  inch.  This  is  an  important  point  when 
doing  rapid  and  accurate  work. 

The  tube-holder  consists  of  a  wooden  box  lined  with  material  that 
eliminates  all  but  the  most  penetrating  radiation.  One  side  of  the  box 
contains  a  window  of  heavy  lead  glass.  The  mounting  of  the  box  on 
the  horizontal  ann  and  the  latter  on  the  vertical  tube  is  so  arranged 
that  any  desire<l  position  or  angle  may  be  had.  No  metal  parts  come 
near  the  patient  even  when  the  wall  of  the  tube  is  but  an  inch  or  two 
from  the  skin. 

The  bottom  of  the  box  (represented  by  the  dotted  lines)  swings  back 
out  of  the  way  permitting  a  wide  spreading  of  radiation.  The  bottom 
is  provided  with  diaphragms  of  varying  size  into  which  a  iSlter  can  be 
inserted. 

An  ordinary  wooden  table  equipped  with  gynecological  stirrups,  a 
disappearing  right-angle  shelf  (for  arm  treatments  in  the  reciunbent 
position),  drop  leaves  at  both  ends  and  a  padded  leather  cover  will 
answer  the  purpose  of  a  table  admirably.  Metal  tables  are  objection- 
able. 

Note.— Photographs  of  cabinets  containing  interrupterless  trans- 
formers and  photographs  of  many  accessories  used  in  roentgen  therapy 
have  been  omitted  from  this  book.  The  general  appearance  of  the 
finished  products  vary  with  the  make  and  each  manufacturer  improves 
his  apparatus  ever}'  few  months.  In  order  to  become  acquainted  with 
the  latest  products  the  reader  is  advised  to  obtain  catalogues  from  the 
various  reliable  manufacturers.  The  chief  requisite  is  a  knowledge  of 
the  physics  and  mechanics  of  a*-ray  apparatus.  It  is  hoped  that  the 
drawings  and  the  text  will  answer  this  purpose. 
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CHAPTER  IV. 

X-RAY  TUBES. 

There  are  two  general  types  of  J"-raj-  tuljes — ^the  gas  tube  and  the 
electron  tube.  The  former  is  a  modem  modification  of  the  original 
Crookes'  tube,  while  the  latter  (( 'oolidge  tube)  operates  upon  a  different 
principle.  For  therapeutic  purposes  the  gas  tube  is  becoming  obsolete 
but  it  is  desirable  to  know  something  of  its  construction  and  charac- 
teristics. 

GAS  TUBES. 

An  a:-ra,v  tube  consists  of  a  blown  glass  bulb  of  varying  size  into 
wl'ich  are  inserted  and  -sealed  three  electrodes.  These  electrodes  are 
known  as  anode,  cathode  and  anticathode  {Fig.  29).    In  some  tubes 


o!  the  gas  type  of  x-ray  tube. 


the  sci>arate  anode  is  omitted,  the  anticathode  in  this  case  functions 
also  as  the  positive  pole.  As  a  matter  of  fact  the  anticathode  is  gener- 
ally called  the  anode.  In  other  words  the  two  terms  have  l)ecome 
s\■non;^nous.  The  or(.linar\'  tube  is  constructed  of  soda  glass  which 
allows  the  j-rajs  to  pass.  Tubes  designed  for  superficial  therapy  are 
sometimes  made  of  lead  glass  which  pre\'ents  the  passage  of  a  large 
pr()i»ortion  of  the  j--ra\s  generated.  .Such  tubes  have  a  soda  glass 
window  for  the  treatment  of  small  areas. 

'Ilie  gas  tube  is  exhausted  to  a  very  low  atmospheric  pressure  (high 
vacuum)  but  not  us  a>mpletcl.\-  as  is  jiossible — some  gas  is  allowed  to— 
remain. 

Anode.— A  separate  aruMle  (positive  pole)  is  of  questionable  import — 
aiK-e  and  is  frequently  omitted.  It  is  composed  of  aluminium  and  i:^ 
connected  externally  with  the  anticathode. 


GAS  TUBES 


S.1 


Cathode.  Tiie  nitlKxle  (negative  pole)  is  a  contavedi-sk  of  uluiiiiniiim 
placetl  just  witliin  t!ie  proximal  end  of  a  glass  sitle  tube  on  the  bull). 

Anticathode. — The  aiiticathwie  or  target,  is  mounted  on  an  iron 
tube.  The  target  is  inclined  at  45  degrees  to  the  beam  of  cathode 
rays.  The  distance  between  cathode  and  anticathode  is  important 
and  is  adjusted  by  the  manufacturer. 

Kaye  gi\'es  the  following  desiderata  for  an  anticathode  for  use  with 
heavy  currents: 

1.  High  atomic  weight — as  the  fraction  of  cathode  ray  energj' 
transformed  into  ar-rays  increases  with  increase  of  atomic  weight, 

'2.  High  melting-point — ^to  permit  sharp  focussing  of  the  catliode 
ra\'M  witliout  fu.sing  the  target, 

i.  High  thennal  conductivity — to  diminish  local  heating. 

4.  The  metal  should  not  vaporize  readily  below  its  melting-point. 


m  ^ 
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Inasmuch  aa  there  is  no  advantage  in  a  small  fiKal  [H>int  in  thera- 
I>eutic  work,  one  should  select  a  treatment  tube  provided  witii  a  wide 
focus.  However,  even  with  a  wide  focus,  the  production  of  heat  at 
the  target  when  heavy  currents  are  used,  is  enormous.  In  the  more 
expensive  tubes  the  anticathode  is  composed  of  a  heavy  block  of  copper 
into  which  is  welded  a  button  of  tungsten  (Fig.  30).  In  the  cheaper 
tul>e3  the  copper  is  faced  with  nickel  an<l  the  latter  with  a  thin  facing 
of  platinum.  Tubes  fitted  with  air-cooled  and  water-co«jled  targets 
are  obtainable  but  they  have  never  been  popular. 

A  gas  tube  fluoresces  when  in  action  and  this  fluorescence  is  practi- 
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cally  limited  to  the  portion  of  the  bulb  in  front  of  the  target — hence 
the  terms  anterior  and  posterior  hemispheres  (Fig.  29). 

Regulation  of  Vacuum. — In  practical  work  it  is  customary  to  speak 
of  a  low,  medium  or  high  vacuum.  Synonyms  for  the  first  and  last  of 
these  terms  are  "soft'*  and  "hard."  A  "soft"  tube  is  one  containing 
a  relatively  large  amount  of  gas  and  emits  "soft"  or  slightly  penetrat- 
ing ar-rays.  A  "hard"  tube  is  one  that  contains  less  gas  and  which 
emits  "hard"  or  very  penetrating  ar-rays.  The  terms  hard,  medium 
and  soft  have  been  employed  for  years  and  are  intended  to  give  some 
idea  of  penetrability.  All  gas  tubes  are  fitted  with  some  device  for 
regulating  the  vacuum.  Inasmuch  as  a  gas  tube  tends  to  "harden" 
spontaneously  the  usual  "regulator"  consists  of  a  "softening"  device. 
The  simplest  "softening"  device  is  the  "automatic  regulator"  attached 
to  the  tube.  This  consists  of  a  glass  side  arm  (Fig.  29)  containing  a 
substance  from  which  gas  is  emitted  when  heated.  The  contained 
substance  is  usually  asbestos  or  mica;  when  electricity  is  allowed  to 
pass  through  these  substances  they  are  heated  and  gas,  usually  COj 
and  water  vapor,  is  liberated  and  enters  the  tube.  A  piece  of  copper 
^v^re  sealed  in  the  "  regulator"  can  be  set  at  any  desired  distance  from 
the  negative  terminal  of  the  ar-ray  bulb.  When  the  tube  "hardens" 
the  resistance  increases  and  sparks  jump  from  the  terminal  to  the  wire 
and  the  electricity  is  conducted  to  the  "  regulator."  For  accuracy  and 
convenience  the  "regulator"  is  usually  operated  and  controlled  by 
means  of  a  string  from  behind  the  protecting  screen. 

Some  x-ray  bulbs  are  fitted  with  a  small,  platinum  or  palladium  tube 
which  is  open  at  one  end.  The  open  end  is  sealed  in  the  bulb.  When 
the  metal  tube  is  made  red  hot  by  means  of  a  flame  a  little  hydrogen 
diffuses  through  and  the  vacuum  is  lowered.  This  softening  device 
is  known  as  the  osmosis  regulator.  The  theory  of  its  action  is  that 
hydrogen  will  pass  through  red  hot  platinum  or  palladium  from  a  high 
to  a  low  hydrogen  pressure. 

A  very  ingenious  use  of  the  osmosis  method  has  been  made  by 
Snook  arfd  Kelly  who  developed  the  hydrogen  tube.  This  tube  is 
pumped  free  of  gas  and  then  a  pure  hydrogen  atmosphere  is  provided 
by  permitting  a  little  hydrogen  to  enter  the  tube — just  sufficient 
to  provide  the  necessary  ionization  for  conducti\ity.  The  bulb  is 
fitted  with  two  osmosis  tubes  one  of  which  is  exposed  to  the  air  while 
the  other  is  enclosed  in  a  small  glass  bulb  containing  hydrogen  at 
about  atmospheric  pressure.  The  osmosis  tubes  are  heated  by  sparks 
which  jump  from  adjacent  conductors.  If  the  metal  tube  contained 
in  the  hydrogen  reservoir  is  heated,  gas  enters  the  o'-ray  bulb;  if  the 
other  one  is  heated,  gas  passes  from  the  x-rdv  bulb  into  the  air.  In 
this  manner  the  tube  can  be  "softened"  or  ''hardened"  at  will.  The 
hydrogen  tube  possesses  many  advantages  over  other  types  of  gas 
tubes  for  therapeutic  work  and  it  i)robably  would  have  become  more 
popular  if  it  had  not  been  for  the  advent  of  the  (  oolidge  tube. 
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In  1913  W.  B.  Coolidge  (working  in  the  Research  Laboratory  of  the 
General  Electric  Company),  succeeded  in  constructing  a  new  and 
powerful  j-ray  tube  with  a  pure  electron  discharge.  Richardson  and 
others  liad  previously  shown  that  electrons  were  emitted  from  hot 
metals  and  it  was  naturally  suggested  that  the  cathode  stream  in  an 
i-ray  tube  might  he  attained  by  heating  the  cathode.  Langmuir, 
Wehnelt  and  Trenkle,  Lilienfeld  and  Rosenthal,  all  experimented  with 
yirious  forms  of  hot  cathodes  and  their  findings  were  of  the  utmost 
uopoitance  from  a  physical  and  evolutionary  point  of  view.  To 
Coolidge^  however,  must  be  given  the  credit  for  developing  the  first 
PfcticaJ  electron  type  of  j;-ray  tube.  This  remarkable  tube  has 
"^fwdy  stood  the  test  of  time.  It  has  revolutionized  roentgen  therapy 
^  it  is  doing  the  same  with  roentgenography.  The  three  things  that 
stand  above  any  other  single  events  in  the  evolution  of  practical  x-ray 
"^  are  the  development  of  the  focus  tube  by  Jackson,  the  inter- 
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Fia.  31.— Pholo graph  of  a  Coolidge  tube. 

jiipterless  transformer  by  Snook  and  the  pure  electron  type  of  tube 
""S.  Coolidge. 

The  Coolidge  tube  (Fig.  31)  is  decidedly  revolutionary.  It  is 
siiausted  to  a  few  hundredths  of  a  micron — in  other  words,  to  as  low 
Pfsssure  as  is  possible.  Practically  speaking  there  is  no  residual  *gas 
*M  the  supply  of  electrons  is  from  the  hot  cathode.  The  tube  does 
^  fluoresce  when  in  action.  The  cathode  (Fig.  32,  A)  consists  of  a 
^"ttl  filament  of  tungsten  wire.  The  filament  is  heated  by  current 
™n  a  small  storage  battery  or  from  a  step-down  transformer.  In 
Uie  fiiiunent  circuit  are  placed  an  ammeter  and  a  rheostat  or  choke 
^  (Fig.  33).  By  means  of  the  current  control  tlie  filament  current 
'^loe  regulated  by  very  fine  steps  from  3  to  5  amperes. 

The  focussing  device  consists  of  a  cylindrical  tube  of  molybdenum 
•"%•  32,  B)  mounted  so  as  to  be  concentric  with  the  filament  and 
™«4llica!ly  connected  to  it. 

^e  anticathode,  which  also  functions  as  anode,  is  a  single  block  of 
f^ngsten  mounted  on  a  molybdenum  sujjport.  The  bulb  is  7  inches 
iQ  diameter. 
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As  the  supply  of  electrons  depends  upon  the  heat  in  the  filament  It 
is  necessary  to  have  a  steady  filament  current.  Storage  batteries  have 
a  steady  electromotive  force  and  they  are  frequently  employed  for 
this  purpose.  An  electromotive  force  of  about  10  volts  (maximum 
12  volts)  is  required.  After  the  filament  has  Income  heated  the  resbt- 
ance  of  the  filament  circuit  becomes  constant  and  the  current  becomes 
stea<l\'. 


Fin.  32. — Cnthode  of  thr  Coolidde  tube,     (a)  Filamenl;  (b)  tocusing  cylinder. 

Storage  Battery. — The  simplest  tj-pe  of  storage  batterj',  or  accumu- 
lator, consists  of  a  cell  in  which  there  are  two  sets  of  lead  plates  (positive 
and  negative)  immersed  in  an  electroljle  (conducting  solution — sul- 
phuric acid,  about  I  to  5).    The  negative  plates,  coated  with  "  spongy" 


lead  are  connected  together  as.  likewise,  are  the  Icjid-peroxi'le-coated 
positive  plates.  Both  sets  <if  plates  are  separatwl  i)y  ilielcctrics*.  The 
capacity  of  a  cell  depends  upon  the  nhv  aixl  number  of  the  plates. 
Each  cell,  regardless  of  its  capacity,  gives  a  working  v{>Itiige  of  2  volts. 
For  the  Ooolidge  filament,  in  therapeutic  work,  it  is  customary  to 
use  two  sets  of  three  cells,  each  set  Ix'ing  lapiJttc  iit  supplying  '2^ 
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amperes  when  connected  directly  to  the  filament.  The  negative  plates 
of  one  set  are  connected  to  the  positive  plates  of  the  second  set.  Such 
a  battery  will  deliver  a  current  of  5  amperes.  Fig.  33  shows  the 
storage  battery  filament  circuit. 

Storage  batteries  are  rated  in  ampere  hours:  a  10  ampere-hour 
battery  will  deliver  10  amperes  for  one  hour,  1  ampere  for  ten  hours, 
2"  ampere  for  twenty  hours  and  so  on,  and  its  charging  must  be  in  the 
same  proportion. 

Storage  batteries  do  not  store  electricity.  The  electricity  produces  a 
chemical  action  which  results  in  the  storing  of  energy.  In  discharging, 
this  chemical  action  is  reversed  and  a  flow  of  electricity  results. 

Shearer  gives  the  following  as  the  main  points  to  be  kept  in  mind 
when  using  storage  batteries: 

1.  They  must  be  charged  on  direct  current. 

2.  The  charging  rate  given  by  the  maker  should  not  be  exceeded. 

3.  The  discharge  rate  allowable  should  not  be  exc^eeded. 

4.  Loss  of  electrolyte  by  evaporation  must  be  replaced  by  adding 
distilled  water.  The  tops  of  the  plates  should  never  be  allowed  to 
show  above  the  level  of  the  solution.  As  a  rule  distilled  water  will 
have  to  be  added  about  every  two  weeks.  The  battery  should  never 
be  completely  filled. 

5.  Loss  of  electrol>i:e  by  accidental  spilling  must  be  replaced  by 
adding  sulphuric  acid  solution  of  the  proper  density. 

6.  In  making  the  acid  solution  never  pour  water  into  the  acid,  but 
pour  acid  slowly  into  the  water. 

7.  Do  not  overcharge,  nor  discharge  after  the  voltage  falls  below 
1.8  volts  per  cell. 

8.  Do  not  let  the  battery  freeze. 

9.  Do  not  let  the  battery  stand  idle  for  long  periods.  If  it  must  be 
laid  up,  charge  it  fully  and  draw  off  the  solution.  For  short  periods, 
put  a  high  resistance  across  its  terminals  and  let  it  slowly  discharge 
and  charge  it  up  again  at  intervals. 

10.  If  overheated  by  too  high  current  passing  in  or  out,  the  active 
material  is  likely  to  criunble  and  fall  to  the  bottom  of  the  cell  and  cause 
a  short  circuit,  whereby  the  battery  discharges  internally. 

11.  The  discharge  voltage  falls  quite  rapidly  after  a  battery  is  first 
charged,  then  more  slowly  until  nearly  discharged,  then  rapidly.  When 
used  on  a  Coolidge  filament,  which  requires  about  4  amperes,  it  is  well 
to  pass  the  full  voltage  of  the  battery  through  a  suitable  resistance  for 
three  or  four  minutes  to  bring  the  voltage  down  to  a  steady  state  the 
first  time  it  is  used  after  charging.  Allowing  the  current  to  pass 
through  the  filament  for  a  minute  or  two,  until  the  ammeter  registers 
a  steady  current,  will  answer  the  purpose. 

12.  A  small  voltmeter  is  very  useful  in  charging  a  battery,  and  a 
suitable  resistance  to  bring  the  line  voltage  down  to  that  required  for 
charging,  should  be  included  in  the  circuit.  Either  a  voltmetef  or  a 
test  for  acid  density  may  be  used  to  indicate  full  charge. 
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13.  Do  not  faU  to  disconnect  the  charging  line  before  turning  on  the 
jilavienl  current. 

14,  Storage  ceil  terminals  are  almost  sure  to  corrode;  scrape  clean 
when  connecting. 

In  Fig.  34  is  shown  the  charging  drcuit.  The  reMstance  is  usually 
one  or  more  32-candle-power  incandescent  electric  light  bulhs  connected 
in  parallel.  The  polarity  of  the  plates  is  marked  on  the  cell  case  and 
the  connections  must  be  properly  made  or  the  battery  will  be  damaged. 
The  current  should  flow  from  positive  to  negative  through  the  acid. 
The  voltmeter,  if  properly  connected,  will  indicate  whether  or  not  the 
batteries  are  correctly  connected  to  the  charging  line.  It  will  be 
deflected  in  the  same  direction  both  when  charging  and  dischar^g. 


It  is  very  convenient  to  have  the  filament  and  charging  circuits  so 
arranged  that  a  switch,  when  making  one  circuit  will  break  the  other 
circuit.  Such  an  arrangement  is  sliowu  in  Fig.  35.  With  this  scheme 
the  battery  is  always  charging  when  not  delivering  current  to  the  fila- 
ment. When  fully  charged  the  switch  can  be  left  open.  Referring  to 
Fig.  35,  D  represents  a  stationary  disk  dielectric  on  which  there  is  a 
cujKsliapcd  conductor  ('.  h  is  a  non-conducting  lever  which,  when 
released,  allows  the  charging  circuit  to  be  ni^de  at  .S.IC  The  current 
then  passes  through  tlic  metal  conductor  .S',  through  the  battery  and 
returns  to  the  DA',  main.  The  lever  is  released  by  elevating  the 
conductor  H.  When  elevated  the  lever  pemiits  contact  l»etween  S  and 
('  which  makes  the  filament  ciri'uit.  The  batterw  switch,  etc.,  may  be 
mounted  on  top  of  the  protecting  screen  and  the  lever  can  be  operated 
hv  means  of  a  string  and  suitably  arnuiged  spring  clamps.  The  rheo- 
stat ami  anuneter  are  niouiite<l  on  the  geticral  switcli  board. 

Xot  infrequently,  wlien  the  current  is  turned  on,  the  filament  will 
fail  to  light.    In  the  majority  of  instances  this  is  due  to  poor  eonnec- 


COOLlDGlS  TUBE 


Sd 


tions.  There  may  be  a  broken  wire  in  the  conducting  cords  leading 
from  the  high-tension  wires  to  the  filament  terminal;  or  there  may  be 
a  poor  connection  in  the  socket  on  the  negative  end  of  the  Coolidge 
tube.  The  connections  on  the  storage  battery  may  be  corroded.  To 
avoid  trouble  of  this  kind  keep  all  the  wires  in  this  low-volt  circuit 
clean  and  see  that  all  connections  are  well  made. 

Inasmuch  as  the  two  wires  that  conduct  the  low-volt  current  to  the 
filament  also  carry  the  high-tension  current,  it  is  essential  that  the 
storage  battery  be  thoroughly  insulated  from  the  ground. 

While  storage  batteries  are  satisfactory  they  are  a  source  of  con- 
siderable annoyance  and  require  some  attention.  In  the  first  place 
there  are  the  mechanical  difficulties  already  mentioned.    When  the 
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FiQ.  35. — Storage  battery  charging  circuit  with  connecting  switch  and  also  filament- 
storage  battery  circuit. 


line  supply  is  alternating  it  is  necessary  to  employ  some  form  of  rectifier 
in  order  to  supply  the  necessary  unidirectional  charging  current.  In 
the  current  range  of  from  3  to  5  amperes  the  potential  drop  through 
the  filament  varies  from  1.8  to  4.6  volts.  In  other  words,  in  a  long 
treatment,  or  during  a  series  of  treatments,  where  there  is  no  oppor- 
tunity to  charge  the  battery,  the  current  gradually  becomes  weaker 
and  one  must  necessarily  adjust  the  rheostat  to  compensate  this  loss. 
This  does  not  constitute  a  source  of  trouble  nor  does  it  interfere  with 
accuracy,  but  it  limits  the  amount  of  work  that  can  be  done  at  one 
time  unless  one  provides  a  battery  of  greater  capacity.  Another 
method  of  providing  a  suitable  current  for  the  filament  and  one  that 
is  extremely  popular  among  jr-ray  therapeutists,  is  by  means  of  the 
step-down  transformer. 
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Step-down  Transformer. — ^This  apparatus  is  a  closed  magnetic  circuit 
transformer  in  which  the  niunber  of  turns  in  the  primary  and  secondary 
windings  are  in  such  relation  as  to  reduce  the  voltage.  The  apparatus 
consists  of  an  iron  core  around  which  are  the  primary'  and  secondary 
windings  (Fig.  36).  The  primary  coil,  the  coil  through  which  the 
"line"  current  passes,  is  composed  of  many  turns  of  copper  wire.  The 
secondary  consists  of  a  comparatively  few  turns  and  is  insulated  from 
the  primary.  To  understand  the  gain  or  loss  in  voltage  in  the  induced 
current  we  may  say  that  if  the  primary  winding  has  100  turns  and  the 
secondary  has  10  turns,  then  the  voltage  in  the  secondary  will  be  -^ 
that  of  the  primary.  Conversely,  if  the  primary  has  10  turns  and  the 
secondary  has  100  turns,  the  voltage  in  the  secondary  will  be  10  times 
that  of  the  primary.  In  this  case  the  transformer  would  "step  up*' 
the  voltage. 
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Fia.  30. — Diagrammatic  ropresentation  of  a  step-down  transformer. 


If  the  supply  is  alternating  it  is  allowed  to  enter  the  primary  of  the 
step-down  transformer.  If  there  is  direct  current  supply  the  necessary 
alternating  current  is  obtained  from  the  slip  rings  of  the  rotary  con- 
verter that  supplies  the  current  for  the  step-up  transformer;  or  a 
separate  small  rotary  converter  is  utilized  for  the  purpose.  A  separate 
rotary  is  preferable  for  then  the  filament  current  will  be  subject  only 
to  the  fluctuations  in  line  voltage. 

In  the  primary  circuit  there  is  some  form  of  adjustable  current 
control,  either  a  series  rheostat  or,  preferably,  a  choke  coil.  The 
latter  consists  of  an  iron  core  surrounded  by  a  single  coil  of  wire.  The 
core  is  movable  so  that  its  relation  to  the  surrounding  coil  of  wire  can 
be  changed  at  will  (Fig.  37).  The  control  of  the  current  by  a  choke 
coil  is  effected  by  the  impedence  of  self  inductance  instead  of  by  the 
resistance  of  a  poor  c*onductor,  as  is  the  case  with  a  rheostat,  so  that 
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there  is  less  fluctuation  in  amperage.  It  offers  a  quick  and  accurate 
means  of  controlling  the  filament  current.  As  a  guide  to  the  control 
an  ammeter  is  placed  in  the  circuit. 

It  is  not  necessary  to  insulate  the  step-down  transformer  from  the 
ground  as  is  the  case  with  the  storage  battery. 

The  only  objection  to  the  step-down  transformer  is  that  it  is  subject 
to  fluctuations  in  line  voltage  but  the  ammeter  reading  can  be  kept 
steady  by  means  of  the  filament  control.  The  small  rotary  converter 
rarely  causes  trouble  if  it  is  occasionally  inspected,  oiled  and  kept 
clean. 
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FiQ.  37. — Choke  coil  for  regulating  current  for  Coolidge  filament. 

Radiator  Type  of  Coolidge  Tube  (Fig.  38). — ^The  ordinary  t>T)e  of 
Coolidge  tube  will  operate  satisfactorily  on  an  unrectified  current 
providing  the  heat  of  the  focal  spot  of  the  target  is  kept  below  the 
point  at  which  it  gives  off  an  appreciable  number  of  electrons.  If 
electrons  are  supplied  at  the  target  in  sufficient  numbers,  and  they  are 
so  supplied  when  the  metal  becomes  sufficiently  hot,  then  inverse 
current  will  pass,  the  anode  and  cathode  alternating  in  function  with 
the  alternations  in  the  current.  The  ordinary  Coolidge  tube  must, 
therefore,  be  actuated  by  a  rectified  current.  The  radiator  type  of 
Coolidge  tube  aims  to  keep  the  target  cool  whereby  it  becomes  impos- 
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FiQ.  38. — Drawing  of  the  radiator  type,  self-rectifying,  Coolidge  tube. 


sible  for  the  target  to  function  as  cathode  and  the  inverse  current  is 
choked  off.  The  tube  is  a  product  of  the  General  Electric  Research 
Laboratory.  The  chief  features  are  the  small  diameter  and  the  special 
target.  The  target  consists  of  a  tungsten  button  set  in  a  heavy  copper 
backing  which  is  continuous  with  a  large  copper  rod  extending  out 
of  the  neck  of  the  tube.  To  this  is  attached  a  series  of  disks  acting  as 
radiators.  The  copper  is  used  because  it  is  a  good  conductor  of  heat. 
The  tube  is  designed  for  5  M.A.  on  a  5-inch  spark  gap  for  continuous 
duty  (fluoroscopy  or  radiotherapy)  and  10  M.A.  on  a  5-inch  gap  for 
diagnostic  work  (short  exposures).    Operated  within  these  limits  this 
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tube  suppresses  completely  each  alternate  half  wave  and  therefo 
constitutes  a  self-rectif>ing  tube. 
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CHAPTER  V. 

APPARATUS  AND  TUBE  CHARACTERISTICS. 

PROTECTION. 

Operating  Ck>xiditions  for  X-ray  Tubes. — There  are  two  fundamental 
principles  that  must  be  kept  in  mind:  it  is  necessary  to  have  (1)  a 
proper  supply  of  electrons  to  carry  the  current  and  (2)  electrical  condi- 
tions that  will  compel  these  electrons  to  travel  from  cathode  to  anode 
at  suitable  velocity.  These  two  must  be  in  such  relation  to  each  other 
that  a  proper  voltage  will  be  maintained  when  current  i^s  actually  used. 
Current  is  the  charge  of  one  electron  multiplied  by  the  number  passing 
per  second.  Current  travels  from  high  to  low  potential,  therefore  it  is 
the  potential  difference  or  voltage  drop  between  cathode  and  anode 
that  provides  the  path  for  the  electrons.  Shearer  explains  this  differ- 
ence in  potential  as  being  due  to  a  "piling  up  of  charges  and  negative 
electrons  at  the  target  and  cathode  respectively  and  this  must  be  done 
by  the  generator.  When  electrons  move  across  from  cathode  to  target 
they  tend  to  relieve  the  congestion  and  if  the  generator  failed  to  main- 
tain the  supply  the  voltage  and  charge  would  disappear.  The  greater 
the  number  of  electrons  passing  across  in  a  given  time  the  more  the 
terminal  voltage  will  be  reduced  for  a  given  ability  of  the  generator 
to  pump  a  new  supply.  The  greater  the  amount  of  current  (milli- 
amperage)  the  greater  the  power  demanded  from  the  generator  to 
maintain  voltage,  and  the  more  will  be  the  drop  in  voltage  from  that 
shown  on  open  circuit  or  on  small  current.  When  the  current  increases, 
irrespective  of  the  type  of  tube  used  or  the  design  of  the  generator,  the 
operating  voltage  will  be  reduced  unless  the  rheostat  or  autotrans- 
former  control  is  moved  so  as  to  apply  more  power  to  the  primary. 
The  spark  gap  on  open  circuit  is  no  guide  to  the  ability  of  the  trans- 
former or  induction  coil  to  keep  up.  voltage  when  current  is  drawn. 
Inasmuch  as  reduced  voltage  very  much  more  than  offsets  the  effect 
of  change  of  current  in  a:-ray  production  as  regards  quantity  and  like- 
wise decreases  the  ability  to  pass  through  material,  the  proper  mainte- 
nance of  voltage  is  the  most  indispensable  requisite  in  any  ar-ray  instal- 
lation. By  increasing  exposure  time  nearly  all  work  may  be  properly 
done  at  low  current  but  no  increase  of  exposure  time  will  compensate 
for  too  low  voltage.'' 

Gas  Tubes. — ^Tubes  of  this  type  are  not  suitable  for  modern  thera- 
peutic technic.  The  principal  reason  is  that  the  operator  has  very 
little  control  over  the  supply  of  electrons.  The  characteristics  of  gas 
tubes  vary  with  the  construction,  i.  e.,  the  kind  of  metal  used  for  the 
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target  and  the  kind  of  residual  gas.  Furthermore,  the  characteristics 
of  two  apparently  identical  tubes  from  the  same  manufacturer  will 
vary  and,  indeed,  the  behavior  of  a  given  tube  will  alter  with  atmos- 
pheric changes,  under  different  electrical  conditions,  with  use,  and  for 
other  reasons.  In  fact  every  gas  tube  is  a  law  unto  itself,  so  that  it 
becomes  necessary  for  the  operator  to  know  the  peculiarities  of  each 
one  of  his  tubes. 

A  tube  that  is  being  operated  on  a  low  current  has  a  tendency  to 
increase  in  vacuum  or,  as  it  is  usually  stated  to  "harden.'*  This 
means  increased  resistance  so  that  more  voltage  is  necessary  for  the 
same  current  or  without  more  voltage  the  current  will  decrease.  The 
"  hardening'*  is  due  largely  to  absorption  of  gas  by  the  metal  electrodes. 
As  the  tube  "hardens"  more  electrons  can  be  obtained  by  increasing 
voltage  (moving  rheostat  handle  to  higher  readings),  or  by  lowering 
the  vacuum  by  means  of  the  softening  device.  When  the  tube  becomes 
hot  the  absorbed  gas  escapes  from  the  metal  electrodes  and  the  tube 
"softens.**  As  there  is  no  way  to  "harden'*  the  ordinary  gas  tube 
during  operation  it  must  be  temporarily  discarded.  Unless  the  vacuum 
is  reduced  to  the  point  where  the  cathode  rays  produce  a  visible 
fluorescence  the  tube  will  "  recover**  upon  cooling.  If  the  vacuum  is 
reduced  to  this  extent  the  tube  is  usually  useless  until  repumped. 
There  is  a  tendency  for  many  gas  tubes  to  be  "cranky,**  that  is,  when 
run  on  low  power  with  small  current  and  high  voltage  the  vacuum  is 
likely  to  increase  rapidly.  This  change  in  resistance  causes  the  tube 
to  behave  in  an  uncertain  manner.  When  the  tendency  is  about 
balanced  by  release  of  gas  from  the  hot  target,  the  tube  will  run  at  a 
fairly  uniform  current  and  voltage  for  a  short  time.  Such  a  tube  is 
said  to  be  "seasoned.**  New  tubes  and  very  old  tubes  are  likely  to 
be  "cranky**. 

To  have  constant  and  accurate  control  of  the  quantity  and  quality 
of  j*-rays  emitted  it  is  necessary  for  the  operator  to  be  able  to  control 
at  will  the  supply  of  electrons  and  their  velocity.  Obviously  this  is 
impossible  in  the  case  of  the  gas  tube. 

Coolidge  Tube. — ^The  Coolidge  tube  contains  no  residual  gas  and  the 
vacuum  never  changes.  The  electrons  are  derived  from  the  hot 
tungsten  filament.  There  are  no  electrons  until  the  filament  is  heated 
and  without  electrons  current  cannot  pass.  The  electrons  are  driven 
across  to  the  target  by  the  potential  applied  to  the  tube.  The  numerical 
supply  of  electrons  depends  entirely  upon  the  amount  of  heat  in  the 
filament.  The  velocity  depends  entirely  upon  the  difference  in  poten- 
tial between  the  cathode  and  anode  or,  in  other  words,  the  voltage 
applied  to  the  tube.  When  the  supply  of  electrons  is  large  more  current 
is  carried  across  the  tenninals  hence  the  milliamperage  will  increase 
with  the  heat  in  the  filament.  Also,  on  account  of  the  ease  with  which 
current  passes  when  there  is  a  large  supply  of  electrons  there  is  a  drop 
in  potential  (unless  more  power  is  supplied)  and  consequently  there  is 
lessened  velocity  of  the  electrons.    Now  it  will  be  recalled  that  the 
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quantity  of  radiation  emitted  depends  upon  the  number  of  electrons 
Wbaiding  the  target  in  a  given  unit  of  time  while  the  quality  (wave 
length)  depends  largely  upon  the  velocity  of  these  electrons.  It  will 
^  obvious,  then,  that  quantity  and,  to  some  extent,  quality  depend 
upon  the  amount  of  heat  in  the  filament. 

These  facts  can  be  made  clear  by  visualizing  a  tube  in  action. 

Assume  a  tube  to  be  actuated  as  follows:  interrupterless  transformer 

^'ith  rheostat  set  on  the  fifth  button;  filament  amperage  3.2;  spark 

^ap  7  inches,  milliamperage  2.    Now  add  a  little  more  current  to  the 

filament  so  that  the  anmieter  reads  3.5;  the  spark  gap  drops  to  6 

inches  indicating  that  the  x-rays  are  less  penetrating;  the  milliamperage 

^"  increase  to  3  which  means  that  more  current  is  passing  through 

the  tube,  more  electrons  are  being  supplied  and,  therefore,  there  is  an 

alteration  in  the  radiation  emitted.    The  above  figures  are  arbitrary. 

I^  is  important  to  note  that  when,  with  a  definite  setting  on  the  rheostat 

^^  autotransformer,  more  current  is  applied  to  the  filament,  there  is  a 

"^P  in  voltage  and  an  increase  in  milliamperage.    The  potential  under 

these  conditions  can  be  increased  only  by  shifting  the  control  handles 

Jo  higher  readings.     But  moving  the  rheostat  or  autotransformer 

handle  to  a  higher  reading  will  not  necessarily  cause  more  current  to 

P^ss  through  the  tube.    If  the  amount  of  current  is  greater  than  the 

a^^ailable  supply  of  electrons  can  carry,  the  excess  will  spark  across  the 

^'^mate  gap.   Sparking  at  the  parallel  gap  simply  indicates  an  amount 

?^  current  in  excess  of  the  saturation  point  of  the  tube  and  does  not 

jnterfere  with  accuracy.    From  the  foregoing  it  should  be  ob\dous  that 

,^^  any  given  filament  current  there  is  a  maximum  tube  current — this 

^^    «^nown  as  the  saturation  current.    After  the  saturation  current  is 

'^^^hed  increasing  the  voltage  will  not  increase  the  tube  current.    The 

?r^*^^^  way  the  tube  current  can  be  increased  is  to  add  more  heat  to  the 

*    ^ment  and  obtain  a  higher  saturation  current.    This  is  quite  different 

^~^>n  the  gas  tube  where  a  higher  voltage  produces  greater  tube  current. 

-^  >Vhen  in  action,  with  the  exception  of  very  mild  currents,  the  target 

.        the  Coolidge  tube  becomes  cherry  red,  then  bright  red,  then  white 

.  ^^t  and  finally  luminescent.    This  heating  of  the  target  has  no  dele- 

^^ous  effect  and  does  not  modify  either  the  quality  or  quantity  of 

^-diation  emitted.    It  is  possible,  of  course,  to  spoil  a  fine  focus  tube 

^^th  a  heavy  current;  but  in  therapeutic  work  it  is  seldom  necessary 

^  employ  over  10  milliamperes  and  with  this  amount  of  current  the 

^^be  will  run  for  hours  with  the  target  at  white  heat  without  harm 

J^ulting.    The  Coolidge  tube  does  not  fluoresce  when  in  operation. 

Unlike  gas  tubes  there  is  no  difference  in  the  beha\ior  of  various 
tubes  of  the  Coolidge  type — what  one  will  do,  so  will  another. 

There  is  a  little  variation  in  the  conductivity  of  the  filaments  of 
different  tubes.  For  instance  three  Coolidge  tubes  were  tested  on  a 
storage  battery  circuit  with  a  fixed  rheostat  setting — the  readings  in 
amperes  were  as  follows:  3.45;  3.65;  3.65  respectively.  This  is  of  no 
practical  importance  as  it  requires  only  a  slight  adjustment  of  the 
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filament  control  to  obtain  the  proper  spark  gap  and  milliampen 
readings  and  these  are  the  deciding  factors  in  go\-eming  technie.  In 
this  connection  it  is  not  safe  to  judge  tube  current  by  the  ammeter  in 
the  filament  circuit  for  the  reason  that  a  ver>"  slight  increase  in  filament 
current  causes  a  ver\'  large  increase  in  tube  current. 

AH  tubes  become  darkened  with  use,  but  in  the  case  of  the  Coolidge 
tube  this  aJoring  of  the  glass  does  not  alter  the  characteristics  of  the 
tube.  The  Coolidge  tube  has  a  ver>-  long  life.  Handled  with  care  it 
can  be  used  for  hours  daily  for  a  number  of  years.  The  target  can  be 
injured  by  ver>'  heavy  currents  especially  if  there  is  a  fine  focus,  and 
occasionally  one  of  the  electrodes,  usually  the  anode,  may  become 
loosened. 

In  a  few  instances  the  white  hot  target  of  a  Coolidge  tube  has  broken 
off  during  a  treatment.  In  a  personal  conununication  Dr.  Coolidge 
states  that  this  accident  has  never  occurred  when  there  was  a  mechan- 
ical joint  between  the  molybdenum  stem  and  the  tungsten  head  of  tjie 
target.  For  a  while  during  the  war  it  was  necessarj'  to  electrically 
weld  the  head  of  the  target  to  the  stem.  All  complaints  ha\-e  been 
made  in  connection  with  tubes  constructed  in  this  manner.  AU  tubes 
now  possess  the  mechanical  joint.  WTienever  a  tube  with  a  welded 
joint  is  returned  to  the  manufacturer  for  any  reason  the  joint  is  changed 
tr)  the  mechanical  type.  The  mechanical  joint  is  easily  recognized 
as  it  shows  a  distinct  line  (depression)  between  the  two  metals,  while 
the  joint  in  the  welded  anode  can  be  made  out  only  with  difficulty. 

The  chief  value  of  the  Coolidge  tube  in  therapeutic  work  lies  in  the 
ability  of  the  operator  to  control  easily  and  accurately  the  supply  of 
electrons;  also  that  the  supply  of  electrons  is  independent  of  voltage. 

Bedside  Unit  and  Radiator  Tube.— The  bedside  unit  is  an  ingenious 
apparatus  and  it  has  been  used  extensively  and  almost  exclusively 
for  diagnostic  work.  Recently  it  has  been  advocated  for  therapeutic 
purjKises  but  for  this  kind  of  work  the  apparatus  is  in  the  experimental 
stage.  Working  with  direct  current  and  the  U.  S.  Army  bedside  unit 
the  author  has  thus  far  been  unable  to  standardize  an  indirect  technie. 
It  is  probable  that  this  or  similar  apparatus  will  be  so  constructed  in 
the  near  future  as  to  answer  the  necessary  requirements  of  roentgen 
tlierapy.  The  oil-immersed  generating  outfit  described  in  Chapter  III 
is  also  in  the  experimental  stage. 

The  characteristics  of  the  radiator  tube  are  the  same  as  those  of  the 
ordinary  Coolidge  tube  with  the  exception  that  when  operated  on  the 
r-nrreiit  for  which  it  was  designed  the  target  does  not  become  \isibly 
lieat(*d.  It  is  not  heated  sufficiently  for  liberation  of  electrons  and 
witliout  such  electrons  inverse  current  cannot  pass.  It  is  unnecessary, 
tlierefore,  to  use  a  rectified  current. 

Induction  Coil. — Coils  supply  a  current  of  high  voltage  but  the  output 
is  limited.  This  Innitation  depends  upon  the  construction  of  the  coil, 
the  inability  of  most  interrupters  to  function  properly  on  heavy  cur- 
rent and  the  fact  that  only  the  break  current  is  utilized.    When  a  tube 
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is  running  on  a  low  resistance  it  is  possible  to  obtain  a  milliamperage 
of  15  or  20.  On  high  resistance,  however,  it  is  difficult  to  obtain  coils 
that  will  force  more  than  8  or  10  milliamperes  through  the  tube.  This 
limitation  in  power  is  annoying  in  deep  therapy  although  it  is  not  a 
handicap   in   superficial   work. 

One  of  the  most  serious  objections  to  a  coil  is  the  inverse  current,  a 
feature  that  is  exceedingly  difficult  to  overcome.  Inverse  current  in 
therapeutic  work  may  give  rise  to  serious  errors  in  dosage  as  a  small 
amount  of  such  current  will  interfere  with  the  proper  reading  of  the 
milliammeter.  Also,  it  prevents  the  proper  action  of  the  tube  and 
injures  the  latter  both  temporarily  and  permanently. 

Another  annoying  coil  characteristic  is  the  fact  that  with  the  excep- 
tion of  certain  interrupters  that  are  difficult  to  obtain  in  this  country, 
there  is  no  way  of  knowing  the  number  of  pulsations  per  second  nor 
can  one  depend  upon  a  constant  rate  of  interruption.  In  addition, 
most  interrupters  are  a  constant  source  of  trouble  and  are  unreliable 
for  accurate  therapeutic  work.  If  one  depends  entirely  upon  the  direct 
(pastille)  method  of  measurement  it  is  possible  to  employ  a  coil  outfit 
with  a  certain  amount  of  satisfaction  although  not  without  a  lot  of 
trouble;  but  such  an  outfit,  in  the  light  of  modem  knowledge,  is  not 
suitable  for  the  indirect  technic  where  electrical  measurements  alone 
are  depended  upon  to  estimate  the  dose. 

Intemipterless  Transformer. — ^The  transformer  provides  a  high- 
potential,  pulsating,  unidirectional  current  with  a  fixed  rate  of  pulsa- 
tion. Therefore  there  is  no  inverse  current  to  interfere  with  the  action 
of  the  milliammeter  and  the  tube.  There  is  no  uncertainty  regarding 
the  number  of  pulsations  per  second;  furthermore,  both  alternations  of 
the  alternating  current  are  utilized.  From  a  practical  standpoint  the 
output  of  the  apparatus  is  unlimited.  Even  with  a  9-inch  spark  gap 
(high  tube  resistance)  it  is  possible  to  drive  heavier  current  through 
the  tube  than  is  ever  used  for  therapeutic  purposes.  This,  of  course, 
permits  very  rapid  work  when  necessary  or  desirable. 

One  of  the  most  valuable  features  of  the  interrupterless  transformer 
is  the  accuracy  and  ease  with  which  its  current  can  be  controlled. 
Occasionally  some  part  of  the  apparatus  gets  out  of  order,  but  these 
troubles  seldom  occur  and  are  easily  detected  and  remedied.  Let  us 
assume  an  interrupterless  transformer  with  rheostat  control  and  a 
Coolidge  tube  outfit  consisting  of  a  step-down  transformer  and  a 
choke-coil  control.  The  controls  are  adjusted  so  that  there  is  a  7-inch 
spark  gap  and  2  milliamperes  of  current.  If  the  mot»r  and  the  other 
parts  of  the  apparatus  are  in  good  condition  and  if  the  connections 
(especially  those  in  the  filament  circuit)  are  well  made,  these  two  con- 
stants will  be  maintained  for  hours  at  a  time  insofar  as  concerns  the 
apparatus.  As  a  matter  of  fact  the  milliamperage  and  consequently 
the  spark  gap,  may  be  found  to  vary  to  some  extent.  If  the  capacity 
of  the  line  is  sufficient  to  carry  the  required  current,  if  all  connections 
in  the  high-tension  and  filament  circuits  are  well  made  and  the  wires 
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are  of  the  proper  size,  clean  and  composed  of  suitable  material  and 
properly  insulated,  then  the  unsteadiness  is  due  to  unavoidable  fluctua- 
tions in  line  voltage.  As  an  example,  every  time  current  is  used  to 
operate  the  elevator  in  the  building  there  is  a  temporary  fall  in  voltage. 
A  fall  in  line  voltage  naturally  causes  a  drop  in  the  milliamperage  and  a 
shortening  of  the  spark  gap.  If  there  is  only  an  occasional  small  drop 
in  line  voltage  lasting  a  fraction  of  a  second,  a*-ray  output  will  not  be 
seriously  interfered  with  but  even  if  there  is  considerable  fluctuation 
the  effect  is  easily  and  accurately  comp)ensated  by  regulating  the  fila- 
ment current  bv  means  of  the  filament  control. 

If  one  could  obtain,  with  absolute  certainty,  a  steady  voltage  it 
would  be  a  comparatively  simple  matter  to  develop  an  accurate  technic. 
It  is  for  this  reason  that  physicists  and  electrical  engineers  have  labored 
so  hard  to  perfect  an  apparatus  that  will  supply  a  constant  voltage. 
Unfortunately  there  is  no  automatic  device  that  will  keep  the  line 
voltage  constant  or  comp)ensate  for  line  fluctuations. 

We  have  already  (p.  66)  discussed  the  autotransformer.  The  auto- 
transformer  is  a  much  better  control  than  is  the  rheostat  for  reasons 
already  given,  but  it  is  not  of  much  practical  value  in  superficial 
therapy  where  extreme  penetration  is  not  an  essential  feature  and 
where  only  mild  current  is  employed.  This  is  especially  true  if  the 
filament  current  is  steady.  In  deep  therapy  (heavy  current  and 
extreme  penetration),  or  where  the  filament  current  is  unsteady,  the 
autotransformer  is  of  distinct  value.  On  the  other  hand  there  is  the 
added  danger  of  severe  or  even  fatal  electrical  shock  when  the  auto- 
transformer is  substituted  for  a  rheostat.  It  is  to  be  noted  that  the 
autotransformer  does  not  compensate  fluctuating  line  voltage. 

It  is  obvious  that  the  filament  current  must  be  steady.  We  have 
already  considered  the  storage  battery  (p.  86)  and  the  step-down 
transformer  (p.  90)  as  sources  of  supply  for  the  filament  current.  For 
a  time  the  storage  battery  was  employed  exclusively  for  this  supply 
but  for  therapeutic  purposes  a  properly  constructed  step-down  trans- 
former system  gives  less  trouble  and  with  the  exception  of  faults  in 
line  voltage,  is  equally  steady.  If  the  alternating  current  for  the  step- 
down  transformer  is  obtaine<i  from  the  slip  rings  of  the  rotary  con- 
verter, the  ciu'rent  will  be  subject  to  fluctuations  in  line  voltage  and 
to  fluctuations  of  current  from  the  rotary.  As  an  example,  imagine  a 
Coolidge  filament  to  be  heated  by  a  current  from  a  step-down  trans- 
former connected  with  the  rotary  converter.  The  ammeter  reads  3.5. 
Now  when  current  is  passed  into  the  a--ray  transformer  there  will  be  a 
temporary  drop  in  the  filament  current  as  indicated  by  a  lower  reading 
on  the  ammeter. 

This  fault  can  be  overcome  to  some  extent  by  the  use  of  the  so-called 
"booster.'*  A  "booster"  is  simply  a  small  induction  coil  so  constructed 
that  the  relationship  between  the  core  and  the  primary  winding  can 
be  altered  at  will.  It  is  very  much  like  the  choke  coil  (p.  91  )excepting 
that  the  "booster''  has  a  primary  and  secondary  winding  while  the 
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ckolce  coil  has  but  one  winding.    The  "  booster''  is  placed  in  the  circuit 
so   tJiat  one  winding  is  in  series  with  the  primary  of  the  ar-ray  trans- 
former while  the  other  winding  is  in  series  with  the  primary  of  the 
step>-down  transformer.    Now,  when  the  main  switch  is  closed  and 
cuLrrent  enters  the  primary  of  the  ar-ray  transformer,  current  also  enters 
tke  primary  of  the  "booster,"  where  it  is  stepped  up  in  voltage  and 
passed  on  to  the  filament  transformer.    In  this  manner  the  loss  of 
voltage  in  the  filament  circuit  that  occurs  with  the  closing  of  the  a:-ray 
switch,  is  compensated.    After  the  first  rush  of  current  very  little  if 
any  current  enters  the  "  booster''  so  that  it  only  functions  at  the  closing 
of  the  a:-ray  switch.    It  is  essential  that  the  "booster"  be  properly 
constructed  for,  or  in  "tune"  with,  the  apparatus  to  which  it  is  to  be 
connected;  also  that  the  connections  are  correctly  made  and  the  core 
properly  adjusted.     One  should  bear  in  mind  that  the  "booster" 
^ply  prevents  a  drop  in  voltage  when  the  motor  suddenly  receives  a 
heavy  load.     It  does  not  comp)ensate  fluctuations  in  line  voltage. 
There  is  no  way  to  comp)ensate  for  fluctuation  in  line  voltage  excepting 
^y  changing  the  filament  current  by  means  of  the  filament  control. 

As  explained  in  Chapter  IV  there  are  two  methods  of  providing 
suitable  current  for  the  Coolidge  filament,  namely,  the  storage  battery 
^i  the  step-down  transformer.  With  the  latter  we  have  already  seen 
that,  where  there  is  a  D.C.  supply,  the  current  can  be  obtained  from 
the  slip  rings  of  the  a'-ray  rotary  or  from  a  separate  small  rotary  con- 
^^erter.  The  separate  rotary  is  preferable  unless  a  properly  adjusted 
woster"  will  prevent  a  drop  in  voltage  when  the  x-ray  switch  is 
dosed.  If  the  supply  is  alternating,  current  is  obtained  directly  from 
the  main  and  is  subject  only  to  line  voltage  fluctuation.  For  very 
*^urate  work  many  operators  prefer  storage  batteries  in  spite  of  the 
trouble  they  cause  and  the  care  they  require. 

^  hen  the  filament  is  connected  to  a  storage  battery,  directly  after 
charging,  there  is  a  rapid  initial  drop  in  the  current  and  it  is  advisable 
to  allow  the  current  to  pass  through  the  filament  until  the  ammeter 
indicates  a  steady  flow  before  attempting  accurate  adjustment.  This 
Usually  requires  two  or  three  minutes,  after  which  the  drop  in  the 
^^^nt  will  be  exceedingly  slow  and  will  require  only  an  occasional 
M^t  readjustment  of  the  rheostat  in  the  filament  circuit.  There  is 
^^  fluctuation  of  the  ammeter  reading  when  a  storage  battery  is 
^juployed  providing  the  batteries  are  in  good  condition,  all  connections 
tw  and  all  wires  clean  and  of  the  proper  material. 

Spark  Qap. — ^The  spark  gap  by  providing  an  alternative  path  for 
the  current  acts  as  a  safety  valve  for  the  coil  or  transformer  (p.  55). 
^u  a  similar  manner  it  affords  a  certain  amount  of  protection  against 
^'^trical  shock  because  if  the  tube  fails  to  take  current,  the  current 
^1  arc  across  the  spark  gap  unless  it  can  find  a  path  of  less  resistance, 
^'^na  a  technical  point  of  view  the  most  important  feature  of  the 
^Jffk  gap  is  that  its  length  indicates  the  voltage  of  the  secondary  or 
tut>^  circuit  and  this  in  turn  signifies  penetration  or  wave  length.    Very 
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few  practical  operatorsi  express  penetration  or  wave  length  in  terms 
of  voltage  (kilovolta)  but  instead  Ki\e  the  lenpth  of  the  s]>ark  gap  in 
inches  or  centimeters.  Confusion  has  been  caused  in  practiial  work 
by  the  fact  that  there  is  a  difference  in  vahie  when  ciinjparing  the  spark 
gap  of  a  coil  with  that  of  an  interrupterless  transformer.  For  instance, 
with  a  given  millianiperage,  the  voltage  or  penetration  is  greater  with 
a  7-inch  coil  gap  than  with  a  transformer  gap  of  equal  length.  This 
can  be  readily  understood  by  recalling  that  the  jtlottetl  current  from 
an  induction  coil  consists  of  a  series  of  abrupt  waves  with  \-ery  sharp 
peaks.  It  is  only  at  the  summit  of  these  waves,  at  the  very  highest 
potential ,  that  s])arks  jump  acrctss  the  gap.  In  the  case  of  the  rectified 
current  from  a  transformer  the  wa^'es  are  less  abrupt ,  the  i>eaks  are  hlun  t 
and  the  current  traverses  the  spark  gap  from  a  lower  potential  level- 
Between  two  interrupterless  transformers,  howe\*er,  even  of  different 
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makes,  there  Is  little  if  any  variation  in  spark  gap  values  ]>rovided  the 
spark  gaps  them.selves  are  similarly  constructed, 

I'nfortunately  spark  gaps  have  not  been  standardized.  Most  trans- 
fortners  are  pro\ided  with  sharp-pointed  gaps — a  few  are  equipped 
with  blunt  [wints.  The  varieties  in  spark-gap  <Iesign  is  of  some 
technical  ini]K»rtance.  Sparks  jump  a  little  more  readily  from  points 
than  from  blunt  ends  and  much  less  readily  from  balls.  If  sjiheres  are 
employed  the  value  will  vary  with  the  size.  Therefore,  in  recording 
the  length  of  a  spark  gap  it  is  essential  that  the  character  of  its  points 
be  given.  Spark  gaps  should  be  kept  well  iK)Iished  and  free  of  dust 
and  moisture.' 

Chart  U,  borrowed  from  Shearer,  shows  the  relation  between  kilo- 
volts  and  spark  gaps  between  blunt  points. 

'  H.  J.  UlImBnii  (Am.  Jour  BiPOtg,,  11(21.  viii.  a.  s,,  ji.  19.^)  siicgeflH  a  eiihete  gap  as 
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PROTECTION. 

In  considering  this  important  question  we  must  discuss  methods 
of  protecting  both  the  operator  and  patient  not  only  from  the  injurious 
influence  of  x-rays  and  radium,  but  from  the  danger  of  electrical  shock. 

Electrical  Shock. — Shearer  says  that  "  in  the  use  of  high  power  x-ray 
apparatus  care  must  be  taken  to  avoid  discharge  from  the  high  tension 
lines  to  earth  through  the  body  of  either  the  patient  or  the  operator. 
Fatal  results  may  follow,  and  in  any  event  the  nervous  shock  to  the 
patient  may  be  serious.  Danger  arises  from  sparks  followed  by  an  arc 
discharge  from  the  high  voltage  line  to  the  body — whence  to  the  earth. 
To  get  such  a  discharge  there  must  be: 

"  1.  Groundingof  thepatientor  contact  with  badly  insulated  material. 

"  2.  So  short  an  air  distance  from  some  part  of  the  high-tension  system 
as  will  allow  a  break  over  spark. 

"A  single  spark,  while  disconcerting,  is  not  dangerous  to  life  but  it 
serves  to  pave  the  way  for  a  heavy  discharge  from  the  line  if  the  supply 
is  maintained.  On  most  induction  coils  body  connection  so  reduces  the 
line  voltage  as  to  preclude  any  fatal  amount  of  current,  but  with  the 
modern  high-power  transformer  it  is  a  different  matter. 

"The  danger  of  an  initial  spark  over  to  the  body  is  solely  a  matter 
of  line  to  skin  distance  and  voltage  from  line  to  earth.  When  a  tube 
is  taking  current  the  voltage  from  either  line  to  earth  is  less  than  it 
would  be  on  the  same  control  setting  if  no  current  were  passing.  Hence, 
failure  of  the  tube  to  take  current  at  any  time  tends  to  cause  discharge 
to  the  patient.  The  following  are  the  common  ways  that  this  might 
happen: 

**  1.  Failure  to  complete  the  high-tension  connection. 

"  2.  '  Cranky'  gas  tube. 

"  3.  Failure  to  pass  current  through  the  Coolidge  filament  before 
turning  on  the  high-tension  circuit. 

**  4.  Break  or  disconnection  of  Coolidgefilament  circuit  while  running. 

"  5.  Attempting  to  pass  current  through  the  Coolidge  tube  in  the 
wrong  direction.'' 

Another  cause  for  a  spark  over  is  the  high-tension  surge  often  caused 
on  closing  the  primary  switch  of  the  transformer.  This,  however,  is 
usually  overcome  by  an  incandescent  lamp  properly  placed  in  the 
circuit  by  the  manufacturer  of  the  apparatus. 

All  high-tension  lines  should  be  kept  at  least  twice  as  far  from  any 
portion  of  the  patient  as  the  length  of  the  working  spark  gap.  Thus 
if  using  an  eiquivalent  gap  of  6  inches  allow  no  wire  closer  than  12 
inches.  A  grounded  metal  or  conducting  screen  between  the  patient 
and  the  high-tension  line  is  complete  protection  for  the  patient.  Thus 
a  patient  lying  on  a  grounded  metal  table  is  safe  if  the  tube  is  under 
the  table  but  when  the  patient  is  between  the  high-tension  line  and  a 
grounded  metal  or  conducting  table  danger  is  greatly  increased.    For 
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tlierap)eutic  work  it  is  preferable  to  employ  wooden  tables  containing 
no  metal  excepting  in  the  hinges  for  the  drop  leaves. 

Much  has  been  said  of  the  relative  danger  with  the  various  controls. 
Simply  stated  it  amounts  to  this:  the  rise  in  voltage  when  the  tube 
fails  to  take  current  is  very  much  greater  on  a  resistance  control 
(rheostat)  so  that  the  chance  of  an  initial  spark  is  greater;  but  after 
such  spark  the  chance  of  a  following  arc  is  reduced  by  reason  of  the 
resistance  in  the  primary  circuit  offered  by  the  rheostat.  With  auto- 
transformer  control,  or  operating  without  resistance,  i.  e.,  with  rheo- 
stat all  out,  the  rise  in  voltage  on  open  circuit  is  less;  but  if  an  arc  is 
started  it  is  very  dangerous.  A  quick-acting  overload  primary  break 
is  very  desirable  (Shearer).  It  is  well  to  bear  these  p)oints  in  mind  for 
several  people  have  been  injured  and  a  few  killed  by  ignoring  these 
simple  rules  (Jaugeas). 

X-ray  Protection. — ^The  patient  must  be  protected  against  an  over- 
dose in  a  circumscribed  area,  and  from  too  much  radiation  being 
applied  to  large  areas  of  the  body  surface.   The  dangers  of  these  errors 
and  the  methods  devised  to  avoid  them  will  be  dealt  with  in  subsequent 
chapters.    Suffice  it  to  say  here  that  it  is  inadvisable  to  allow  the  rays 
to  come  in  contact  with  any  more  of  the  cutaneous  surface  than 
requires  treatment.   The  tube  is  usually  placed  in  a  shield  of  some  kind. 
This  may  consist  of  a  lead-glass  bowl  or  a  suitably  lined  box  which  is 
capable  of  preventing  the  passage  of  but  a  small  percentage  of  the 
radiation.   The  bowl  or  box  will  afford  ample  protection  for  the  general 
body  surface.    The  inferior  surface  of  the  tube  shield  is  provided  with 
an  adjustable  diaphragm  which  can  be  regulated  so  that  the  beam  of 
rays  is  the  exact  size  of  the  lesion  to  be  exposed.    In  addition,  it  ii^ 
customary  and  advisable  to  protect  the  part  immediately  around  the 
lesion  (6  or  8  inches  all  around  the  lesion)  with  lead  foil  (^  to  J  inch 
thick,  depending  up)on  the  quality  and  quantity  of  radiation  used), 
through  which  a  hole  the  size  and  shape  of  the  lesion  may  be  cut.    It  is 
especially  necessary  to  shield  very  carefully  all  hairy  parts  such  as  the 
eyebrows,  etc.    Not  infrequently  patients  complain  of  a  disagreeable 
sparking  from  the  lead  foil.    This  is  especially  noticeable  when  high 
voltage  is  being  used  and  is  presumably  due  to  induction.   The  sparking 
can  be  avoided  by  having  a  good  contact  between  the  lead  and  the 
skin  or  having  these  parts  separated  by  a  non-conductor  such  as  thick 
rubber  sheeting.    Another  satisfactory,  and  perhaps  the  best  method 
of  avoiding  this  annoying  feature  is  to  ground  the  lead  foil  by  connect- 
ing it  to  a  convenient  water  pipe.    If  this  method  is  followed  one  must 
be  certain  that  the  patient  is  never  placed,  by  any  possible  chance, 
between  the  high-tension  line  and  the  grounded  material.    It  is  possible 
to  obtain  flexible  or  plastic  material  that  is  fairly  impervious  to  the 
a:-rays,  that  is  not  a  conductor  or  at  least  is  a  very  poor  conductor,  and 
which  does  not  give  rise  to  the  sparking  mentioned  above  (Cumber- 
batch;  Gorton).    This  material  can  be  purchased  in  sets  which  contain 
pieces  that  are  square^  oblong,  semicircular,  etc.    By  correct  adjust- 
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ment  of  pieces  of  the  proper  shap>e,  the  skin  around  a  lesion  of  any  size 
or  sliape  can  be  adequately  protected. 

Tlie  operator  is  not  and  should  not  be  exposed  to  the  direct  beam. 
In  t:herapeutic  work  it  is  occasionally  necessary  for  an  assistant  to 
remain  close  to  the  tube  for  the  purpose,  for  instance,  of  holding  the 
head  of  a  nervous  child.  When  this  happens  the  hands  should  be 
encased  in  "protection''  gloves,  the  body  covered  by  a  "protection'' 
apron  and  the  tube  placed  in  an  efficient  shield  and  so  adjusted  that 
the  assistant  is  behind  the  target.  But  no  matter  how  much  care  is 
exercised,  the  assistant  must  not  be  exposed  in  this  manner  at  frequent 
intervals.  It  seems  superfluous  to  add  that  the  operator  should  never 
employ  his  hand  for  the  purpose  of  casting  a  shadow  on  a  fluoroscope. 
When  a  tube  is  in  action  there  are  more  or  less  rays  all  over  the  room 
m  spite  of  the  tube  shield.  The  patient  is  exp)osed  to  these  indirect  rays 
a  comparatively  few  times;  never  often  enough  to  effect  injurious  results. 
But  the  operator  is  likely  to  be  exposed  daily — hourly — for  weeks, 
JJionths  and  years.  Therefore,  in  addition  to  the  tube  shield,  he  should 
stand  behind  a  wide,  tall  lead  screen  (covered  with  lead  from  iV  to  J 
inch  thick  and  containing  a  lead-glass  window).  It  is  preferable  to 
'^^'e  the  screen  as  far  away  from  the  tube  as  possible  and  to  have  the 
*oode  always  pointed  away  from  the  shield.  Some  operators  use  a 
^^"^-piece  screen,  others  remain  in  a  lead-lined  booth,  while  still 
others  stay  in  another  room  which  is  separated  from  the  operating 
^^^  by  a  lead-lined  wall  furnished  with  a  lead-glass  window.  The 
^^troUing  apparatus  is,  of  course,  placed  behind  the  screen.  The 
^^Si'ee  of  protection  of  this  kind  that  is  necessary  depends  upon  the 
^^unt  and  t>T>e  of  work  done.  For  a  moderate  amount  of  cutaneous 
therapy  a  single-piece  screen  6  feet  high  and  3  feet  wide,  placed  at 
'^^t  6  feet  from  the  tube  and  lined  with  lead  |  inch  thick  will  afford 
*^ple  protection.  A  photographic  plate  placed  behind  such  a  screen 
^'^d  suitably  protected  from  light  will  likely  be  fogged  in  a  few  days, 
^^^ks  or  months.  This  need  occasion  no  alarm  for  the  fogging  is  due 
^  Scattered  and  secondary  rays  which  on  account  of  small  quantity 
^**^ct  very  little  biologic  action.  Protection  screens  as  above  described 
^Ve  been  employed  for  years  and  have  stood  the  test  of  time.    The 

l^thor  has  examined  operators  who  have  done  both  deep  and  cutaneous 

*^apy  many  hours  daily  for  periods  of  from  eight  to  fifteen  years, 
^^tecting  their  p)ersons  in  accordance  with  the  scheme  outlined  above, 

^3^d  failed  to  find  any  injury  to  the  skin,  blood,  testicles,  or  lymphoid 

^ssue. 
It  is  important  to  test  all  the  joints  and  the  lead-glass  window  of  the 

protection  screen  or  booth  with  a  fluoroscope  to  see  if  there  are  any 

leaks. 

Radtuin. — Physicians  are  extremely  careless  in  their  handling  of 
radium.  This  carelessness  has  been  brought  about  by  a  feeling  of 
security  that  is  apparent  rather  than  real.  As  will  be  seen  in  subse- 
quent chapters  radium  will  effect  the  same  acute,  subacute  and  chronic 
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cutaneous  reactioiis  and  the  same  changes  in  the  int^nal  organs  as 
will  the  z-rays.  It  will  not  do  for  the  operator  to  remain  day  after 
day  in  a  room  in  which  radium  is  being  administered.  The  dose 
received  by  the  operator  at  long  range  is  indeed  small,  but  the  effect 
is  cumulative  and  after  several  years  injur>'  may  result.  In  derma- 
tological  practice  the  physician  b  not  likdy  to  use  more  than  25  mg. 
or  50  mg.  of  radium  element  for  any  one  application.  Wlien  this  is 
applied  to  a  lesion  the  area  can  be  covered  with  liea\y  lead  foil  and 
the  patient  allowed  to  sit  in  a  distant  comer  of  the  room.  \Mienever 
pos^ble  the  a[^cator  should  be  strapped  on  or  held  on  the  part  by 
the  patient.  If  it  is  to  be  held  by  the  operator  or  assistant  a  long 
handle  (2  to  4  inches)  should  be  [MDvided  for  the  purpose.  Flat  appli- 
cators might  well  be  backed  with  a  layer  of  lead.  The  greatest  danger 
to  the  operator  lies,  possibly,  in  the  frequent  handling  of  the  radium 
vrith  the  fingers.  \N'hen  preparing  an  applicator  for  a  treatment  care 
should  be  taken  never  to  allow  the  fingers  to  come  in  contact  with  the 
active  side  of  the  applicator.  Forceps  should  be  used.  An  unscreened 
flat  radium  applicator  |  inch  square  and  containing  10  mg.  radium 
element  is  capable,  when  held  in  contact  with  the  skin,  of  effecting  an 
er^-thema  as  a  result  of  an  exposure  of  a  few  minutes.  Repeated  shfxt 
exposures  may  cause  any  or  all  the  s\'mptoms  found  in  the  chapter  on 
jr-ray  and  radium  reactions.  We  now  know,  by  verj'  sad  experiences, 
what  carelessness  cost  the  pioneers  in  jr-ray  work.  It  is  to  be  hoped 
that  the  same  lesson  will  not  be  required  in  connection  with  radium. 
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CHAPTER  VI. 

INSTRUMENTS  FOR  MEASURING  Z-RAY  DOSAGE. 

PHOTOGRAPHIC  METHOD. 

"The  first  instruments  to  be  considered  are  the  ammeter,  milliam- 
meter,  voltmeter  and  kilovoltmeter.    It  is  not  advisable  in  a  book  of 
this  kind  to  describe  the  detailed  construction  of  these  instruments, 
ahkough  the  radiologist  should  be  familiar  with  both  their  construction 
™  theoty  of  action.    They  are  all  modified  galvanometers.    A 
galvanometer  is  an  instrument  which  measures  current  by  electro- 
^^^^K^ietic  action.    It  will  detect  current  and  will  determine  its  direc- 
^^^j  strength,  and  voltage.     The  principle  of  construction  of  gal- 
J^onaeters  is  based  on  the  fact  that  a  magnetic  needle  is  deflected 
.  ^y  the  influence  of  the  magnetic  field  which  exists  around  the  conductor 
^^'^ng  an  electric  current.    The  simplest  instrument  consists  of  a 
^^netic  needle  delicately  suspended  in  the  center  of  a  coil  of  wire, 
^hen  this  coil  is  connected  in  a  circuit  through  which  an  electric  current 
^ows,  a  magnetic  field  is  created  and  the  needle  is  deflected.    A  scale, 
^orated  or  graduated  in  degrees,  is  employed  to  determine  the 
^^ount  of  deflection.    The  sensibility  of  a  galvanometer  depends 
^Pon  the  construction  of  its  coil  (number  of  turns  of  wire,  size  of  wire, 
^^0  the  distance  of  the  needle  from  the  coil,  the  weight  of  the  needle 
*^^  its  ability  to  move  freely.    There  are  two  main  t^'pes  of  galvano- 
^^rs:    First,  are  those  in  which  the  magnetized  body  is  movable  and 
^^coil  is  stationary ;  second,  in  which  the  magnetized  body  is  stationary' 
i^  the  coil  is  movable.    It  is  to  the  latter  type  that  the  well-known 
tl'sonval  milliammeter  belongs.    A  galvanometer  with  a  "long** 
**'  ^.  e.,  many  turns  of  wire  of  high  resistance,  will  measure  fall  of 
Potential  and  when  such  an  instrument  is  calibrated  in  volts  or  kilo- 
bits it  is  called  a  voltmeter  or  kilovoltmeter.    "Short"  coil  galvano- 
J^^s  of  low  resistance  can  be  calibrated  in  amperes  or  milliamperes 
^^  ^Te  then  known  as  ammeters  and  milliammeters. 
.  ^J>Uneter. — This  is  an  instrument  to  measure  the  amount  of  current 
^  the  low-tension  circuit,  i,  e.,  the  current  passing  into  the  primary  of 
•  ^  ^il  or  the  interrupterless  transformer.    It  is  seldom  supplied  with 
L/^*^pterless  transformers  although  it  i^  usually  found  on  the  switch- 
j^^  of  a  coil  outfit.    It  does  not  indicate  what  the  operator  must 
T.  ?^,  namely,  the  milliamperage  of  the  secondary  or  tube  circuit. 
T  .^  not  a  necessary  factor  in  establishing  a  radiotherapeutic  technic. 
^^  Useful,  however,  in  establishing  a  relation  between  the  primary  and 
^^ndary  current.    If,  for  instance,  the  primary  amperage  increases 


106         INSTRUMENTS  FOR  MEASURING  X-RAY  DOSAGE 

considerably  and  there  is  a  marked  diminution  in  the  secondary  current, 
one  knows  that  there  is  something  wrong  with  the  apparatus.  But 
this  information  can  be  ascertained  without  the  aid  of  the  ammeter. 
An  ammeter  in  the  CooHdge  filament  circuit  is  useful  but  not  necessary. 

Milliammeter. — This  is  an  absolutely  essential  instrument  of  preci- 
sion. The  quantity  of  x-rays  is  in  proportion  to  the  amount  of  current 
passing  through  the  tube,  and  the  milliammeter  registers  this  current. 
The  instrument  is  connected  in  the  secondary  circuit.  The  fact  that 
it  must  be  so  connected  is  somewhat  of  a  disadvantage  because  it  is 
sometimes  inconvenient  to  place  it  close  to  the  operator  and  when  it  is 
mounted  at  a  distance  rapid  and  accurate  readings  become  difficult. 
A  milliammeter  is  now  being  perfected  that  is  connected  in  the  middle 
of  the  grounded  secondary  circuit  of  the  interrupterless  transformer. 
This  meter  can  be  mounted  on  the  switchboard  with  the  other  meters, 
and  therefore  is  more  convenient  and  more  easily  read.  It  is  not 
susceptible  to  induced  currents  and  gives  less  trouble  than  the  milliam- 
meters  now  in  general  use. 

The  radiologist  must  be  acquainted  with  all  possible  errors  in  the 
milliammeter  readings.  In  the  first  place  it  should  be  realized  that  the 
milliammeter  records  the  current  that  is  passing  through  the  secondary' 
or  high-tension  circuit;  not  necessarily  only  the  current  that  is  going 
through  the  tube.  If,  therefore,  there  is  a  leak  in  the  circuit  (brush 
or  effluve  discharge  from  high-tension  wire  to  a  grounded  conductor 
such  as  a  water  pipe,  etc.),  this  lost  current  which,  of  course,  plays  no 
part  in  the  production  of  x-rays,  is  nevertheless  recorded  by  the 
milliammeter  (see  articles  on  losses  of  transmission  by  Shearer  and 
Van  Zwaluwenburg). 

Another  cause  for  inaccuracy  is  the  inverse  current  which  has  already 
been  considered  (p.  56).  If  the  instrument  is  not  properly  insulated, 
or  if  dust  is  allowed  to  accumulate  on  the  cover,  induced  currents  may 
interfere  with  its  action.  Meters  should  be  tested  occasionally  with 
a  standard  milliammeter.  The  author  has  five  milliammeters,  one  for 
each  of  four  interruptless  transformers  and  one  for  a  control.  Each 
of  these  meters  is  compared  with  the  control  every  three  months  and 
occasionally  one  or  more  meters  will  be  found  to  differ  from  the  control. 
On  the  other  hand  the  five  meters  sometimes  read  the  same  for  many 
months.  A  slight  adjustment  of  the  suspended  needle  or  a  drop  of  oil 
properly  placed,  or  a  thorough  dusting,  or  better  insulation  will  usually 
remedy  the  trouble  when  a  meter  fails  to  register  the  same  as  the 
control.  The  control  meter  should  be  tested  by  an  expert  occasionally. 
New  meters  are  more  likely  to  undergo  spontaneous  change  than  are 
very  old  ones,  therefore  an  old  meter  is  preferable  for  the  control 
instrument.  The  point  to  be  emphasized  is  that  the  operator  must 
he  certain  that  the  milliammeter  is  functioning  properly.  When,  in 
giving  his  technic,  an  operator  states  that  he  employed  a  current  of 
2  milliamperes  the  statement  must  be  accurate,  otherwise  how  can  a 
technic  become  standardized  and  universal? 
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Most  milliammeters  contain  a  double  scale.    The  upper  scale  is 

calibrated  for  heavy  currents  and  reads  from  zero  to  50  or  100  milli- 

amperes.    The  lower  scale  is  for  mild  currents  and  registers  from  zero 

to  5  or  10  milliamperes.    With  this  calibration  it  is  possible  to  read 

accuiately  fractional  parts  of  a  milliamp^re,  a  matter  of  importance  in 

cutaneous  roentgenotherapy.    A  switch  is  provided  which  enables  the 

operator  to  shift  from  one  scale  to  the  other.     It  is  very  important 

that  the  meter  be  of  the  dead-beat  type — ^that  is,  the  needle  registers 

current  instantly  and  remains  absolutely  steady  until  the  current  is 

increased  or  decreased. 

T*he  milliammeter  also  serves  as  a  polarity  indicator.  With  a  gas 
tube  polarity  is  readily  shown  by  the  appearance  of  the  tube.  Correct 
polarity  results  in  a  uniform  color  while  inverse  current  produces  a 
series  of  rings.  With  a  Coolidge  tube  the  milliammeter  serves  as  a 
^de,  for  no  current  will  flow  through  the  cold  tube  in  the  inverse 
^'i^ection.     If  the  meter  registers  the  polarity  is  correct. 

^ilovoltmeteni. — The  kilovoltmeter  registers  the  voltage  in  the 
^^^^ndary  circuit.  It  indicates  the  potential  that  is  applied  to  the  tube 
—Very  important  information.  Kilovoltmeters  are  not  in  wide  use  at 
P^^sent  because  the  instrument  has  not  been  very  practical  and  most 
operators  have  preferred  to  depend  upon  the  spark  gap  for  information 
relative  to  voltage.  The  kilovoltmeter  for  practical  workers  is  con- 
'^^eteci  in  the  low  tension  circuit  and  is  calibrated  by  means  of  the 
sPark  gap.  The  main  trouble  with  the  instrument  is  that  it  registers 
^  Voltage  of  a  current  of  only  one  strength.  That  is  to  say,  if  the 
'l^eter  was  calibrated  in  connection  with  a  current  of  2  milliamperes  in 
.^  Secondary  circuit,  it  will  not  register  accurately  with  any  other 
"^Uamperage.  An  instrument  is  now  being  perfected  which  is  con- 
®^^^^ed  in  the  middle  of  the  grounded  secondary  circuit  of  the  inter- 
r^Pterless  transformer  (alternating  low-tension  current).  This  meter 
l^  ^Iso  calibrated  via  the  spark  gap  but  it  is  independent  of  the  load — 
,'  ^-j  it  registers  correctly  regardless  of  the  milliamperage.  It  is  to  be 
^I^ed  that  the  instrument  will  be  standardized;  that  is,  that  the  cali- 
"'^tion  will  be  made  with  a  standardized  spark  gap,  otherwise  it  is 
^^'^g  to  be  difficult  to  perfect  a  universal  technic.  The  advantage 
^^t  this  instrument  will  have  over  the  spark  gap  is  that  by  means  of 
*  ^<^le  of  figures  and  a  quick-acting,  dead-beat  pointer,  instantaneous 
^^^  a^ccurate  readings  can  be  made  in  kilovolts. 

QUMJTY. 

F^  practical  work  it  has  been  customary  to  employ  the  terms  quality 

JJ^    C|uantity  to  denote  the  amount  and  kind  of  radiation  employed. 

m!J^*ity  is  a  question  of  wave  length  and,  therefore,  penetrability. 

..  ^  ^ave  length  being  determined  by  the  potential  applied  to  the  tube 

I  ^^^s  (jfuality  to  be  expressed  in  terms  of  kilovolts  or  spark-gap  lengtlis. 

^^   preferable,  excepting  when  speaking  in  very  general  terms,  to 


:;ivs  or  rays.     Instead 
-4.       ;  ::if  spark  gap. 
--   .      .„  ..;aiin  by  direct  nieasure- 
-^  ..:^:»'^  ratiiimieters,  etc.     In 

^    ^,..>  (■uiployeti  to  indicate  an 
...i.^  ■[  phinojiraphic  or  fluoro- 
^, .  .;ii'tT  >i;:tiifies  an  Instniiuent  to 
V  --.liO   •.T  !>y  the  pastille  method. 
T^,.     :  I'ltiitt-lioii  only  with  instru- 
ct  ■■..  Kwius.     Most  of  these  instru- 

iHowKuneter.—Tliis  instniment  is 
.*.■  Two  uK'tals  of  different  atomic 
-iiiiiiitmi  have  different  absorjrtion 
n\'cv  nvii  to  penetrate  its  mass  than 


..ti.':v.  llw  mtio  Ixitwceii  the  pemicability  of 
N  ,r  \  w  nil  ihe  iM'nctrating  i)ower  of  the  j--rays. 
■[\^«,\  .trl'itrnrily.  that  aliiinimuiii  is  five  times 
:,>;■  ■  ■*'t'("  rays;  it  will  he  ten,  twenty  or  thirty 
!v!-  Fiiki  I'f  iireater  degrees  of  penetration. 
■■«i  .duiniiiiiiiu  for  his  instniment  liecanst;  the 
\iiiu-»  rttniimrativcly  little  with  iiifreased 
ivtuti-ttliilily  of  alumiiiinni  inci-eascs  niarke<lly 
..    ..  aMVinl.-.!. 

.1^  .>(  .i  tvntnil  disc  of  silver.  O.ll  nnii.  thick. 
■.  I'l  iilntnininni  whose  thickness  varies  from 
■<■  :mMiip'iiieiit.  as  shown  in  Fi^'.  .39  snggests 
,•:  1  I-  1  nitii.  thick;  sector  12  is  12  mm.  thick. 
■■  .-nlicr  h.v  nnikinn  a  rocntKcri()frruni  of  the 
.1  l>>  iiicaTis  iif  the  Ihioroscopc.  Inasniiich  as 
!v  maile  very  often,  it  is  prefcrahle  for  sev- 


QUALITY  109 

eral  reasons  to  depend  upon  the  photographic  method.  Fig.  40  is  a 
roentgenogram  of  the  Benoist  penetrometer.  It  will  be  seen  that  the 
aluminium  sector  No.  0  corresponds  in  half-tone  (depth  of  shading) 
to  that  of  the  central  silver  disc.  Radiation  that  ^ill  produce  this 
reading  is  known  as  Benoist  6.  Very  "soft*'  rays  are  indicated  when 
sectors  2  and  3  correspond  to  the  central  disc;  3  or  4,  "soft"  rays; 
5  and  6,  "medium;'*  7  and  8  "hard,"  9  to  12,  very  "hard."  In  study- 
ing the  roentgenograph,  comparison  will  be  facilitated  by  employing  a 
diaphragm  of  black  paper  or  cardboard  in  order  to  isolate  each  sector 
at  will.  When  the  fluorescent  screen  is  used  the  diaphram  is  composed 
of  lead.  It  should  be  remembered  that  the  primary  beam  of  ar-rays  is 
not  homogeneous;  it*is  composed  of  rays  of  varying  wave  length  or 
penetrability.  The  Benoist  penetrometer  indicates  the  average  pene- 
tration, not  the  maximum  nor  the  minimum.  In  other  words,  when 
the  instrument  registers  No.  6  the  beam  is  composed  mostly  of  rays  of 
this  quality  but  there  are  also  more  penetrating  and  less  penetrating 
rays  present. 

Shearer,  by  very  carefully  conducted  experiments,  has  compared 
the  Benoist  instrument  with  a  fairly  blunt  spark  gap.  The  work 
was  done  with  an  interrupterless  transformer,  a  special  high-tension 
voltmeter  and  a  Coolidge  tube.    The  results  were  as  follows: 

Benoist.  Spark  gap. 

Readings.  Kilovolts.  inches. 

3 15  1.3 

4 25  2.3 

6 35  3.2 

6 44  4.0 

7 53  4.9 

8 60  6.5 

9 70  6.6 

The  above  values  are  probably  a  little  less  than  those  found  for 
breaking  voltages  in  some  cases  since  the  voltmeter  used  reads  effective 
voltage  for  a  sine  wave  while  the  spark  gap  measures  "peak"  voltage. 
On  page  100  there  is  a  chart  that  shows  a  higher  voltage  value  for 
break-over  sparks  on  a  blunt  gap. 

As  we  approach  perfection  and  standardization  of  apparatus  and 
technic  the  penetrometer  becomes  of  less  importance  and  is  less 
frequently  used.  Formerly  most  operators  expressed  penetration  in 
terms  of  some  penetrometer,  now  it  is  in  spark-gap  lengths.  The 
penetrometer  most  commonly  employed  in  this  country  is  the  one 
already  described.  But  there  are  other  penetrometers  a  brief  descrip- 
tion of  the  most  important  of  which  is  herewith  given. 

Walter  Penetrometer. — ^This  instrument  consists  essentially  of  a  sheet 
of  lead  in  which  there  are  eight  small  holes.  The  holes  are  covered 
with  platinum  foil  whose  thickness  varies  geometrically  from  0.005 
mm.  to  0.64  mm.  A  roentgenograph  may  be  taken  of  the  instrument  or 
it  may  be  mounted  on  an  adjustable  fluoroscope  supplied  by  the  manu- 
facturers.   When  exposed  to  the  ar-rays  some  of  the  holes  become 


no         ISSTRUMESTS  FOR  MEASURISG  X-RAY  DOSAGE 

visible  on  the  screen,  the  number  depending  upon  the  quality  of  the 
rays.  The  degree  of  penetration  is  indicated  by  the  \isible  hole  with 
the  highest  cypher. 

Walter-Benoist  Penetrameier  combines  the  good  features  of  the  two 
instruments.  It  con^sts  of  a  series  of  aluminium  apertures  of  various 
thicknesses  which  are  covered  with  a  thin  layer  of  silver. 

Wehnelt  Penetrometer  (Cryptoradiometer). — ^This  consists,  according 
to  Knox,  ''of  a  wedge-shaped  aluminium  strip  and  along^de  this  s 
flat  silver  strip,  both  of  which  can  be  moved  by  means  of  a  ratchel 
over  a  brass  plate  provided  with  a  thin  slit.  The  apparatus  is  adjusted 
until  both  strips  show  the  same  degree  of  brightness  on  a  fluorescent 
screen.  A  scale  indicates  the  position  of  the  sduminium  strip,  t.  e. 
the  penetration  of  the  rays.'* 

In  employing  these  instruments  by  the  fluoroscopic  method  the 
operator  must  be  protected.  For  this  purpose  the  tube  is  placed  in  8 
suitable  shield  pro\ided  \*ith  a  small  diaphragm;  the  fluoroscope  is 
protected  by  a  lead  face  i^ith  a  central  aperture  for  the  fluorescing 
screen;  the  latter  is  backed  with  thick  lead  glass. 

COMPARATIVE  PENETROMETER  SCALE. 

Benoist        ..123456  7  8  9  10 

Walter  ...        1         1-2       2-3       3-4       4-5       5-6        6-7        7-8 

Wehnelt  .1.6         3         4.5         6         7.5         9         10.5        12        13.5       15 

Bauer  Qualimeter. — ^The  so-called  qualimeter  is  an  instrument  thai 
was  rather  extensively  used  before  the  advent  of  the  Coolidge  tube 
It  is  a  static  electrometer  and  condenser  and  gives  some  indication  ol 
the  potential  in  the  secondary  circuit  and  hence  the  quality  of  the  rays, 
The  instrument  is  not  reliable  as  the  readings  will  vary  somewhat  undei 
different  atmospheric  and  electrical  conditions  and,  also,  it  is  not 
"dead-beat.*'  Essentially  the  qualimeter  consists  of  two  thin  metal 
discs  which  are  so  arranged  that  they  swing  freely  between  two  fixed 
metal  plates.  Both  the  discs  and  the  plates  receive  a  charge  of  like 
sign  and,  therefore,  a  repulsion  occurs,  the  degree  of  repulsion  depend- 
ing upon  the  voltage  in  the  high-tension  circuit.  This  tension  is  indi- 
cated by  a  pointer  (needle)  and  a  scale  of  figures.  The  calibration  oi 
the  scale  is  in  accordance  with  the  absorption  of  the  rays  by  varying 
thicknesses  of  lead.  Bauer  No.  1  signifies  x-rays  that  are  totally 
absorbed  hy  j^  ^^'  ^>f  lead;  Bauer  No.  10  indicates  rays  that  require 
1  nun.  of  lead  for  complete  absorption.  The  scale  is  supposed  tc 
(•()rr('s])on(l  with  the  Benoist  penetrometer  but  this  has  not  been  found 
to  he  true  under  all  conditions. 

The  instrument  is  mounted  on  the  wall  at  considerable  distance 
from  all  conductors  and  especially  from  high-tension  wires.  It  ii 
coinuH'ted  by  a  single  wire  (shunt)  with  the  negative  side  of  the  high- 
tension  system.  The  qualimeter  is  not  used  much  today  because 
with  modern  apparatus  more  reliable  information  can  be  obtained 
from  the  s])ark  gap.  The  readings  can  be  duplicated  only  when  the 
same  milliamperage  is  used. 
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Milliammeter,  Spark  Gap  and  KiloYoltmeter. — As  we  have  seen,  the 
spark  gjap  indicates  voltage  and  therefore  quality.  We  have  also 
eompa.red  spark  gap  lengths  with  the  Benoist  penetrometer.  We 
know  that  a  9-inch  gap  indicates  approximately  100  kilovolts,  that  the 
radiatiion  shows  an  average  penetration,  according  to  the  Benoist 
scale,  of  89  with  a  maximum  penetration  much  higher.  At  least  1  mm. 
of  lesuj  is  required  for  complete  absorption.  With  each  inch  removed 
from  the  gap  there  is  a  drop  of  10  kilovolts  and  a  reduction  of  about 
0.1  mm.  of  lead  for  complete  absorption.  It  will  thus  be  seen  that  the 
spark  gap  supplies  all  the  information  that  can  be  obtained  from  the 
various  penetrometers.  The  advantage  of  a  kilovoltmeter  is  that  there 
is  a  scale  of  figures  with  a  dead-beat  needle  which  permits  instant  and 
accurate  estimation.  At  the  beginning  of  a  treatment,  after  voltage 
has  been  established  by  means  of  the  spark  gap,  the  milliammeter 
indiea.tes  whether  or  not  the  voltage  is  being  maintained  as  an  increase 
or  deorease  in  milHamperage  is  associated  with  a  corresponding  change 
in  voltage. 

QUANTITY. 

^y  quantity  is  meant  the  amount  of  rays  that  is  emitted  by  the  tube. 

Qwa.ntity  may  be  estimated  by  indirect  (electrical)  or  by  direct  methods 

ot  measurement.    Of  direct  methods  there  are  two  in  practical  use, 

namely,  photographic  and  chemical  (pastille).     In  this  chapter  we  will 

consider  the  photographic  method. 

^^tograpUc  Measurement  of  Quantity. — This  method  is  based  upon 

^"^  fact  that  the  ar-rays  reduce  silver  bromide  in  the  same  manner  as 

<loes  ordinary  light.    As  an  example,  wrap  a  photographic  plate  in 

oWk  paper  to  protect  it  from  ordinary  light.     Cover  all  but  a  narrow 

stnp  ^ith  lead  and  expose  it  to  a  small  amount  of  radiation.     Another 

^P  is  then  exposed  to  an  increased  amount  of  radiation  and  so  on  until 

^n^  entire  plate  has  been  exposed,  care  being  taken  not  to  expose  a 

^^V  more  than  once.    When  the  plate  is  properly  developed  there 

^lil  be  a  series  of  strips  of  varying  densities.    The  density  depends 

upon  the  amount  of  reduction  of  the  bromide  of  silver  granules  in  the 

^^jsion  and  this  in  turn  depends  upon  the  amount  of  radiation 

^^ng  in  contact  with  the  emulsion. 

Ine  photographic  method  does  not  record  the  actual  amount  of 
^^ation  emitted  from  the  tube  nor  the  amount  of  radiation  that 
^^  in  contact  with  the  emulsion.  It  simply  records  the  chemical  or 
^Ucing  action  of  the  rays  as  they  pass  through  the  silver  salt  con- 
'ained  in  the  photographic  emulsion.  Therefore,  the  density  values 
^^  relative  but  they  are  accurate  if  properly  obtained.  Naturally, 
.  *^  method  has  its  limitations.  Exceedingly  small  amounts  and  very 
}^^  quantities  of  radiation  are  not  accurately  recorded  but  the  range 
^  ^ter  than  with  any  other  direct  method  and  it  answers  the  same 
P'^ctical  requirements  in  this  respect.  The  results  will  differ,  of 
^^,  in  accordance  with  the  speed  and  thickness  of  the  emulsion  and 
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with  the  method  of  development.  It  is  possible,  however,  to  stan- 
dardize the  emulsion,  the  developer  and  the  technic  so  that  results 
may  be  duplicated  at  will. 

Physicists  depend  very  largely  upon  the  photographic  method  when 
they  desire  to  utilize  direct  estimation  either  for  the  purpose  of  measure- 
ment or  to  obtain  permanent  records.  It  is  extremely  sensitive,  quick 
and  very  accurate  when  properly  done.  For  experimental  work 
physicists  employ  photographic  plates  but  for  practical  therapeutic 
purposes  it  is  customary  to  use  photographic  paper  (developing  paper 
such  as  bromide  paper,  velox,  etc.,  not  printing-out  paper,  such  as  soho, 
platinum,  etc.).  The  photographic  method  of  measurement  used  by 
roentgenologists  was  suggested  by  Stern,  of  New  York,  in  1903.  Two 
years  later  Kienbock  published  a  description  of  his  radiometer.  Kien- 
bock's  radiometer  or  quantimeter  has  been  ver>'  extensively  used  in 
practice. 

Kienbock  Quantimeter. — This  instrument  consists  of  a  wooden  box 
containing  a  standard  scale  of  photographic  half-tones  and  a  number  of 
strips  of  silver  bromide  paper,  ^  by  2^  inches,  each  of  which  is  enclosed 
in  a  light  proof  envelope.  Both  the  envelope  and  strips  contained 
therein  are  stamped  with  the  same  identification  numeral.  On  the 
envelope  there  is  a  label  on  which  may  be  written  the  name  of  the 
patient,  date  and  duration  of  the  exposure,  etc.  The  scale  is  white  at 
one  end  and  almost  black  at  the  other  end.  Between  the  two  extremes 
are  seven  half-tones  ranging  from  light  gray  to  medium  and  dark  gray 
to  almost  black.  These  represent  the  varjdng  depth  of  shading 
assumed  by  the  strips  when  exposed  to  different  amounts  of  radiation. 
The  scale  is  standardized  and  calibrated  in  units  based  on  skin  effects. 
The  various  shades  are  marked;  0,  ^,  ^,  4,  5,  6,  7,  and  10.  No.  1  is 
the  Kienbock  unit,  designated  IX  and  it  represents  yV  ^^^  so-called 
epilating  dose;  lOX,  therefore,  would  be  the  epilating  dose  for  scalp 
hair. 

A  small  receptacle  in  which  are  two  windows,  both  of  which  are 
covered  with  glass,  slide  along  the  scale.  One  window  is  over  the  scale 
while  under  the  other  is  placed  the  strip  after  it  has  been  exposed  and 
developed.  In  this  way  a  comparison  is  made  between  the  strip  and 
the  scale,  the  result  being  read  in  X  units.  In  addition  to  the  above  the 
outfit  includes  a  metal  stand  containing  four  test-tubes,  2  inches  in 
diameter  and  2  inches  in  length.  These  are  for  the  developing  solu- 
tions. After  a  strip  has  been  exposed  to  the  roentgen  rays  it  is  devel- 
oper! in  a  standardized  developer  at  a  definite  temperature  and  for 
a  definite  length  of  time.     The  formula  for  the  developer  follows: 

DEVELOPER. 

Stock  Solutwn  A. 

DiHtilled  water 1000  c.c. 

Sulphate  of  soda 150  gm. 

Mctol  (Hauff)    ....  15  gm. 

Stock  Solution  B. 

Distilled  water 1000  c.c. 

Potassium  carbonate 110  gm. 
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These  stock  solutions  will  keep  indefinitely  when  separate,  but  when 
combined  the  developer  deteriorates.  For  use  add  equal  parts  of  A 
and  B.  Several  strips  may  be  developed  in  the  same  solution  provided 
they  are  all  to  be  developed  within  a  half  hour.  If  longer  intervals 
occur  fresh  developer  should  be  employed  as  old  developer  becomes 
weakened  both  by  use  and  by  age.  The  temperature  of  the  developing 
solution,  while  being  used  must  be  maintained  exactly  at  18°  C.  Cold 
retards  development  while  heat  accellerates.  The  time  factor  also  is 
of  the  utmost  importance  and  differs  with  various  lots  of  strips.  The 
time  is  given  with  each  batch  of  strips.  In  fact  a  list  of  directions 
accompanies  each  new  lot  of  strips  and  these  directions  must  be  care- 
fully followed.  The  manufacturers  have  found  it  impossible  in  the 
past  to  standardize  the  paper.  For  this  reason  a  new  batch  of  strips 
may  not  correspond  with  the  scale  supplied  with  the  original  instrument. 
When  this  happens  a  new  scale  accompanies  the  strips.  Both  the 
scale  and  the  strips  are  marked  with  the  same  letter  and  care  must  be 
taken  to  avoid  employing  strips  of  one  letter  and  a  scale  of  another 
letter. 

The  photographic  technic  must  be  perfect.  The  chemicals  must  be 
pure,  accurately  weighed  and  dissolved  in  distilled  water.  All  utensils 
should  be  of  glass  and  scrupulously  clean.  The  strips  are  to  be  kept 
in  a  dry,  cool,  dark  closet  which  is  well  protected  against  passage  of 
ar-rays.  If  carefully  kept  the  photographic  paper  may  be  preserved 
.for  months — it  should  not  be  used  if  it  becomes  discolored.  Develop- 
ing is  done  preferably  in  a  well-ventilated  dark  room  ^ith  a  safe  ruby 
light,  but  a  developing  box  may  be  employed  for  this  purpose. 

A  safe  ruby  light  consists  of  an  eight-candle  power  incandescent 
bulb  entirely  enclose<l  in  two  or  three  sheets  of  "post-office  paper.'' 
All  varieties  of  ruby  lamps  can  be  purchased  at  any  photographic 
supply  house.  The  ruby  light,  before  being  used,  should  always  be 
"tested.  This  can  be  done  by  covering  one-half  of  a  Kienbock  strip 
with  black  paper  and  exposing  the  other  half  for  ten  or  fifteen  minutes 
to  the  ruby  light.  If  the  paper  does  not  darken  when  developed  the 
light  may  be  considered  safe.  It  seems  hardly  necessary  to  add  that 
no  daylight,  gaslight,  electric  light,  etc.,  should  come  in  contact  with 
the  strips  before  and  during  development. 

After  exposure,  the  strip  is  placed  in  the  developer,  kept  in  motion, 
and  timed  by  a  stop  watch.  It  is  then  transferred  to  clean  water  when 
it  is  rinsed  for  a  few  seconds  and  then  immersed  in  the  fixing-bath  for 
at  least  one  minute  before  exposing  it  to  white  light. 

FIXING-BATH. 

Distilled  water 1000  c.c. 

Sulphate  of  soda 20  Rm. 

Tartaric  acid 10  gm. 

Hyposulphite  of  soda 200  gni. 

The  strip  is  then  rinsed  in  water  for  a  few  seconds.     The  wet  strip 
may  now  be  taken  into  the  light  and  compared  with  the  scale.     Wet 
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strips  are  shiny  and  the  comparison  is  not  as  easy  or  as  accurate  as 
when  dry.  Drying,  however,  can  be  accompHshed  in  a  few  minutes 
by  means  of  an  electric  fan.  If  one  desires  a  permanent  record  of  the 
treatment,  the  strip,  after  immersion  in  the  fixing-bath,  should  be 
washed  in  running  water  for  a  half  hour.  Great  care  must  be  exercised 
to  prevent  contamination  of  the  developer  with  the  fixing  solution. 
The  novice  is  cautioned  against  careless  photographic  technic.  Abso- 
lute cleanliness  is  essential.  Running  water  is  preferable  for  rinsing 
and  washing.  If  running  water  is  not  available  frequently  changed 
stationary  water  may  be  employed. 

For  purposes  of  treatment,  a  strip  in  its  envelope  is  placed  on  the 
skin  with  the  label  facing  the  skin.  The  strip  should  be  directly  under 
the  target  and  care  should  be  taken  that  no  part  of  the  treated  area  is 
closer  to  the  target  than  is  the  strip.  If  fractional  doses  are  being 
given  it  is  preferable  to  employ  two  strips.  One  strip  is  exposed  at 
each  sitting  and  it  is  not  developed  until  after  several  treatments 
have  been  administered.  It  records  the  total  dose.  An  additional 
strip  is  utilize^l  for  each  individual  treatment.  In  the  case  of  an 
intensive  dose  two  strips  are  placed  on  the  affected  area.  One  strip 
is  not  developed  until  the  termination  of  the  treatment.  A  small 
piece  of  the  other  strip  is  developed  at  the  end  of  the  first  quarter  of 
the  treatment,  another  piece  at  the  end  of  the  second  quarter  and  so 
forth.  In  this  manner  one  ascertains  the  amount  of  rays  administered 
at  various  times  during  the  exposures  which  lessens  the  possibility  of 
applying  a  greater  quantity  than  was  intended.  To  avoid  overdosing 
most  operators  depend  largely  upon  electrical  measurement  (indirect 
method,  p.  143)  and  employ  the  photographic  method  as  a  control. 

In  the  treatment  of  cutaneous  cancer  and  a  few  other  skin  diseases 
it  is  at  times  advisable  and  even  necessary  to  give  considerably  more 
than  10  X.  This  can  be  done  by  employing  more  than  one  strip;  the 
first  strip  will  suffice  for  10  X,  the  second  will  answer  for  any  amoun1> 
between  10  and  20  X,  and  so  on. 

The  Kienbock  scale  is  for  unfiltered  rays.  With  3  mm.  of  aluminium 
as  a  filter  20X  will  about  represent  the  so-c^alled  erythema  dose.  It  is 
thought  that  the  absorption  of  radiation  by  1  mm.  of  aluminium  about 
equals  the  absorption  of  similar  radiation  by  1  cm.  of  average  human 
tissue.  It  is  possible,  therefore,  to  estimate  roughly  the  dose  received 
by  the  deeper  tissues  by  employing  the  strips  in  the  following  manner : 
an  aluminium  "  ladder"  is  supplied  by  the  manufacturer.  It  consists  of 
a  strip  of  aluminium,  the  same  size  as  the  photographic  strip,  and 
consisting  of  segments  which  vary  in  thickness  from  1  to  3  or  4 
centimeters.  This  is  placed  in  the  envelope  with  the  photographic 
paper  and  exposed  to  the  roentgen  rays.  The  part  of  the  strip  of 
paper  not  covered  with  aluminium  represents  the  dose  at  the  surface, 
the  portion  under  the  1  mm.  segment  of  aluminium  records  the  dose 
at  a  depth  of  1  cm.,  etc. 

The  Kienbock  radiometer  was  never  extensively  employed  in  this 
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countn-  largely  l>ecause  of  the  difficulty  of  obtaining  fresh  photographic 
strips.  It  has  been  used  hardly  at  all  for  sujjerficial  work.  Many  of 
the  men  who  did  deep  therapy  emi)loyed  the  Kienbock  methocl  or  a 
modification  thereof,  usually  the  latter.  As  a  rule  American-made 
photographic  paper  was  employed  and  the  scientific  operator  of 
experienc*e  made  his  own  standard  scale. 

The  photographic  method  is  too  useful  to  be  entirely  discarded.  It 
is  to  be  hoped  that  American  manufacturers  of  photographic  material 
will  be  able  to  produce  a  reliable  photographic  radiometer. 

UeQUIRExMENTS. 

1.  Paper  strips  must  be  fresh  and  standardized. 

2.  Scale  must  also  be  standardized. 

3.  Strips  are  to  be  kept  in  a  cool,  dry,  dark  place  free  from  or-rays 
or  radium. 

4.  Developer  must  be  acrurately  made;  only  fresh  developer  can  be 
used. 

5.  The  temperature  of  the  developer  must  not  vary. 

6.  The  timing  of  the  develojmient  must  be  very  accurate. 

7.  The  strips  must  not  come  in  contact  even  with  feeble  white  light 
until  after  they  have  been  in  the  hypo  for  one  minute. 

8.  The  letter  on  the  strip  must  corres])ond  with  the  letter  on  the 
standard  scale. 

9.  Do  not  endeavor  to  estimate  more  than  10  X  on  one  strip. 

10.  In  giving  a  dose  of  oX,  through  a  miscalculation  of  the  time, 
distance,  milliamperage  or  spark  gap,  one  may  find  on  development  that 
8  or  lOX  has  been  administered.  Therefore,  unless  certain  of  the 
technic  one  should  employ,  in  addition  to  the  strip  that  is  to  record 
the  full  dose,  an  additional  strip,  parts  of  which  can  be  developed  at 
different  periods  during  the  exposure. 

Advantages  over  otiieu  Direct  Methods. 

1.  The  method  is  inexpensive. 

2.  The  photographic  paper  is  more  sensitive  than  pastilles,  therefore 
it  is  possible  to  record  smaller  doses. 

3.  I'nlike  pastilles  the  strips  do  not  fade;  therefore  a  permanent 
record  is  made. 

Disadvantages. 

1.  No  record  is  obtained  without  develojnng  the  strips,  but  this  can 
be  accomplished  in  about  three  minutes. 

2.  Wet  strips  are  more  difficult  to  compare  with  the  standard  scale 
than  are  dried  strips,  but  drying  can  be  accomplished  in  a  few  minutes 
bv  means  of  an  electric  fan,  or  bv  the  use  of  alcohol. 

3.  In  this  country  it  is  difficult  to  obtain  standard  strips  and  scales. 
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4.  The  author  is  of  the  opinion  that  it  is  more  difficult  to  compare 
the  strip  with  the  standard  scale  than  it  is  to  compare  a  pastille  with 
the  scale  of  the  Holzknecht  radiometer. 

5.  The  photographic  technic  must  be  very  exact,  otherwise  serious 
errors  will  be  made. 
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CHAPTER  VII. 
PASTILLE  AND  IONIZATION  RADIOMETERS. 

The  first  serious  attempt,  in  practical  work,  to  estimate  quantity 
by  direct  measurement  was  made  by  Holzknecht  in  1902.  This  was 
before  the  advent  of  the  photographic  method  described  in  the  pre- 
ceding chapter.  After  extensive  experimental  work  with  various 
chemicals  he  decided  upon  a  solution  of  salts  that  underwent  a  con- 
siderable color  change  under  the  influence  of  the  x-rays.  An  instru- 
ment was  devised  (chromoradiometer)  which  contained  a  graduated 
color  scale  and  several  capsules  filled  with  the  solution,  the  formula 
for  which  was  never  given  to  the  medical  profession.  The  method, 
while  useful,  was  not  a  success  and  the  instrument  was  withdrawn  from 
the  market. 

Goldstein  demonstrated  that  solutions  of  lithium  chloride  assumed  a 
brown  color  and  potassium  carbonate  a  heliotrope  when  exposed  to 
the  x-rays.  Freund  employed  a  2  per  cent,  solution  of  iodoform  in 
chloroform.  When  exposed  to  the  x-rays  iodin  was  liberated  and  the 
color  of  the  solution  was  altered.  These  and  other  visible  changes 
evoked  by  the  x-rays  have  been  employed  for  quantitative  measure- 
ment, but  the  ones  above  mentioned  failed  to  survive  a  practical  test. 

In  1904  Sabouraud  conceived  the  brilliant  idea  of  utilizing  for 
practical  purposes  Villard's  well-known  observation  that  the  color 
of  double  cyanide  of  barium  changed  when  this  chemical  was  exposed 
to  the  x-rays.  Most  of  the  early  fluorescent  screens  employed  in 
fluoroscopy  were  composed  of  platinocyanide  of  barium  and  the  first 
experiments  were  made  with  small  pieces  of  this  fluorescent  screen. 
Working  in  collaboration  with  Noire,  Sabouraud  devised  a  simple 
radiometer  (Fig.  41)  consisting  of  two  colored  discs  mounted  on  a 
piece  of  cardboard.  One  disc,  Tint  A,  was  an  unexposed  pastille  of 
platinocyanide  of  barium,  a  brilliant  green  color,  to  be  used  as  a 
control.  The  other  disc,  Tint  B,  was  of  an  orange  color,  and  repre- 
sented the  tint  assumed  by  a  pastille  placed  half  way  between  the 
anode  and  the  skin  and  exposed  to  the  x-rays  until  an  amount  sufficient 
to  effect  defluvium  of  scalp  hair  without  er>i:hema  had  been  admin- 
istered. Tint  B,  therefore,  represents  the  so-called  and  universally 
accepted  epilating  dose.  And,  inasmuch  as  the  same  dose  will  usually 
evoke  an  erj-thema  on  parts  of  the  body  other  than  the  scalp,  it  has 
been  and  still  is  known  as  the  erj-thema  or  skin  toleration  dose.  Sup- 
plied with  the  radiometer  were  a  dozen  or  more  fresh  pastilles,  all  of 
which  matched  Tint  A.    Sabouraud  had  but  one  thing  in  mind,  namely, 
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the  successful  treatment  of  tinea  tonsurans  with  a  sin^ie  application. 
In  this  he  was  successful  and  the  Hahniiraud-Noire  radiometer  served 
a  very  useful  purpose,  hut  it  possessed  many  weak  points  one  of  which 
was  the  absence  of  a  graduated  color  scale  for  the  administratittn  of 
fractional  doses.  The  instrument  is  now  obsolete  although  the  pastille 
method,  improved  and  perfected  by  others,  was  until  recently  exten- 
sively emploj'ed. 

Bonlier  was  one  of  the  first  to  create  a  pastille  radiometer  with  a 
more  versatile  control  index.  His  instnmient,  however,  never  met  with 
popular  success.  Then  came  the  railiometers  of  Flol/xknecht,  Iliiinpson, 
and  Corbett,  a  dcliiilt-d  dcs.ri|>tu.ii  of  which  follow,. 
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Holiknecht  Radiometer. — While  possessing  serious  disadvantages, 
the  Ilolzkiiecht  riidionieter  is  unquestionably  the  best  instrument  so 
far  devise<l  for  use  with  pastilles.  The  instrument  is  shown  in  Fig.  42, 
In  this  illustration  the  row  of  pastilles  on  the  left  side  of  th?  instrument 
and  hII  the  numerals  with  the  exception  of  the  second  column  from  the 
left  ma>'  be  disregarded.  Heferring  to  Fig.  42,  there  is  an  oblong, 
hard-rubber  bWk  measuring  2  x  5  x  }  inches.  On  the  right  side  of  this 
base  is  a  runner  (it)  on  which  are  two  grooves,  one  horizontal  and  the 
other  vertical.  These  grwives  accommodate  two  strips  of  black  card- 
board on  one  end  of  each  of  which  is  mounted  a  half  pastille.  The 
cardboard  sf  rij)  for  the  horizontal  groove  is  known  as  the  reaction  piece 
(fl.  P.)  while  the  otiier  is  the  control  (C).  It  will  l«:  noted  that  the 
half  pastilles  arc  so  mounted  that  when  the  strips  of  cardbuiird  are  in 
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their  respective  gronves  the  straiglit  edges  of  the  two  half  pastilles  are 
in  contact,  thns  forming  a  whole  pastille.  In  tithcr  words,  there  is  no 
hiatus  between  the  half  pastilles  to  interfere  with  accurate  ciimparison. 
On  the  left  side  of  the  instrmnent  there  is  a  thin  celluloid  band,  one 
inch  wide  and  4^  inches  long  (('.  S.},  The  band  is  colorless  at  the 
upper  end  and  gradually  assumes  a  brownish  or  orange  tint  and  this 
becomes  progressivel.v  more  intensive  as  the  lower  end  is  approached. 
This  is  the  standard  color  index.  In  the  center  of  the  base  of  the 
instrument  there  is  a  column  of  numerals  (second  column  from  the 
left)  reading  from  zero  to  S;  these  represent  Ilolzkiiecht  units. 


Fid.  42.— Hi 


Fig.  43  shows  the  radiometer  with  the  control  in  place;  Fig.  44  shows 
hojh  the  reaction  piece  and  the  control  in  their  proper  positions.  The 
two  half  pastilles  now  form  a  whole  pastille.  It  will  be  notetl  that  the 
line  of  contact  tif  the  two  half  pastilles  is  exactly  under  the  edge  of 
the  colored  eelluloiil  band.  There  is  a  piece  of  colorless  celluloid  over 
the  reaction  pa,stille;  the  refractive  index  of  the  colored  band  is  the  same 
as  that  of  the  cc'lluloid  covering  the  reaction  pastille,  therefore  there  is 
no  difference  in  refraction  to  deceive  the  eye.  The  same  photograph 
at .!.  depicts  a  small  notch  on  the  upper  margin  of  the  reaction  piece, 
the  upper  edges  of  which  are  pointe*!  and  painted  red;  these  red  pro- 
jeftions  indicate  the  jKiint  at  which  a  reading  is  to  be  made.  In  this 
illustration  the  reaihng  is  zero  and  it  will  be  noted  that  the  two  half 
pastilles  register  in  color  exactly.  In  Fig.  45,  the  runner  has  been 
moved  duwnwanl  until  the  reading  is  211.     The  control  Is  now  darker 
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than  the  reaction  pastille  because  the  former  is  viewed  through  a 
wiloreil  medium  while  t!ie  latter  is  seen  through  coiorless  celluluid. 


If  the  reactioQ  piece  were  to  be  exposed  until  it  matched  the  control 
at  this  point  2  Ilolzknecht  units  would  be  administered. 


The  colored  celluloid  band  is  carefully-  standardized;  the  author 
compared  a  dozen  or  more  new  bands  and  was  unable  to  detect  any 

variation  in  the  tints. 
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Holzknecht  units  were  originally  determined  at  half  distance,  i.  e., 
pastille  placed  exactly  half  way  between  the  anode  and  the  skin,  H 1 
represents  one-third  the  amount  of  radiation  that  is  required  to  induce 
a  mild,  transitorj'  erj-thema  of  the  skin  of  the  face  of  an  adult  male  of 
dark  complexion.  H5  corresponds  to  Sabouraud's  Tint  B  and,  there- 
fore, represents  the  epilating  dose. 

For  reasons  that  will  be  explained  later,  the  half  distance  method 
has  been  relegated  to  the  past;  the  pastille  is  now  placed  on  the  skin 
(full  distance;  skin  distance;  skin-focal  distance).  Because  of  the 
law— intensity  varies  inversely  as  the  square  of  the  distance^the 
pastiUe,  when  placed  on  the  skin,  will  receive  four  times  less  radiation 
and,  jjbviously,  will  acquire  four  times  less  color.  Therefore,  to 
estimate  Holzknecht  units  with  the  pastille  on  the  skin  it  is  neces-sary 
to  multiply  the  reading  by  four.  For  instance,  a  rea<ling  of  Hi, 
obtained  with  the  pastille  on  the  skin,  represents  4  Holzknecht  units; 
Hll  at  skin  distance  is  the  epilating  dose,  etc. 
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How  to  Use  the  Hiitzkneckt  Hadiwiteter. — .\n  unexpose^I  reaction  piece 
is  removed  from  the  humidor,  enclostnl  in  a  thin,  black-paper  envelope 
and  fastened  to  the  skin  with  a  tiny  piece  of  zinc  piaster  or  courtplaster. 
The  anode  is  placed  directly  over  the  pastille  at  any  desired  distam-e. 
The  reaction  pastille  ma\'  be  compared  with  tlie  cnnlrol  several  times 
during  the  exposure  to  asf.-ertain  what  frac-ticin  of  the  dose  has  l>een 
administered.  To  make  a  reading  the  reaction  j>iece  is  taken  tri  a 
poorly  illuminated  corner  of  the  room  (total  darkness  is  preferablej 
and  placed  in  the  radiometer.  The  comparison  is  made  with  the  aid 
of  a  shaded  eight  candle-power  incandescent  electric  light. 

Convenient  illumination  Imixcs  are  made  Uyr  this  pnriH)sc  which  con- 
sist of  a  box,  painted  black  inside,  open  at  the  hcittoni,  an  eye-piece  In 
the  front  wall,  and  containing  a  suitable  source  of  llluniination.     Such 
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an  apparatus  permits  only  the  reflected  light  from  the  pastille  to  reach 
the  eye.  The  runner  on  the  radiometer  is  moved  up  and  down  until 
an  exact  registration  of  color  is  obtained  and  then  a  reading  is  made 
by  observing  the  relation  of  the  notch  in  the  reaction  piece  to  the 
column  of  figures.  A  more  detailed  account  of  the  use  of  pastilles  will 
be  found  in  the  next  chapter. 

With  a  new  instrument,  fresh  pastilles  and  an  experienced  eye,  it  is 
possible  to  detect  and  record  verj'  slight  changes  in  color — less  than 
i  H  at  skin  distance,  A  weak  point  in  the  radiometer  is  that  the 
celluloid  band  becomes  soiled  by  contact  with  the  fingers  and  scratched 
by  the  friction  of  the  runner;  and  also,  the  numerals  are,  gradually 
effaced  by  friction  of  the  fingers,  A  more  serious  fault  is  the  fa«t  that 
the  color  of  tlie  celluloid  band  is  not  permanent;  it  assumes  after  a  time, 
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for  an  inch  or  two  at  the  upper  end,  a  greenish  disa>loration.  This 
deterioration  ma>'  occur  in  a  few  months  or  not  for  a  year  or  two. 
When  it  does  (Kfur  the  instrument  is  no  longer  reliable. 

The  method  of  coloring  t!ie  celluloid  ban<l  is  a  secret  and  while 
American  chemists  can  duplicate  the  index,  it  has  thus  far  been 
impossible  to  get  them  to  do  so.  1  hiring  tlie  past  few  years  it  has  been 
impossible  to  obtain  new  instriiincnts  in  good  condition. 

Hampson  Radiometer  (Fig.  40), — This  instrument,  designed  by  W. 
Hampson,  of  England,  consists  <)f  two  layers  of  stiff  black  cardboard, 
between  which  is  a  circular  disc  that  may  I>e  made  to  revolve  by  the 
thumb.  The  dimensions  are  :j  x  3  inches.  The  edge  of  the  disc  con- 
tains a  series  of  water-color  tints,  twenty-five  in  all,  nmging  from  a 
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pale  green  to  a  deep  orange.  As  the  disc  revolves  the  tints  are  seen 
through  the  upper  of  tw'o  windows,  lender  each  tint  there  is  a  numeral 
which  can  be  seen  through  the  lower  window.  The  upper  window  is 
divided  by  a  narrow  piece  of  black  canllyoard  horizontally  placed; 
the  lower  half  contains  the  tinted  edge  of  the  revolving  disc  (color 
index);  the  upper  half  is  for  the  half  pastille  that  is  to  be  compared 
with  the  index.  The  zero  tint  on  the  index  is  the  color  of  a  fresh, 
unexposed  pastille.  No.  25  is  the  color  the  pastille  assumes  after  four 
successive  epilating  doses  at  skin  distance,  or  one  epilating  dose  at 
half  distance.  In  other  words  Ha  6,  at  skin  distance,  represents  the 
epilating  dose.  The  above  readings  have  been  found  to  be  too  high 
for  the  average  eye;  Hampson,  therefore,  advises  Ha  4  for  the  epilating 
dose  at  skin  distance. 

To  use  the  instrument  a  fresh,  unmounted,  half  pastille,  after  being 
enclosed  in  a  piece  of  black  paper,  is  placed  on  the  skin  directly  under 
the  anode.  After  or  during  the  exposure  the  half  pastille  is  placed  in 
the  upp)er  window  with  its  convex  surface  above.  This  operation 
should  be  conducted  in  a  poorly  illuminated  portion  of  the  room.  The 
comparison  is  made  with  the  aid  of  a  shaded  eight  candle-power 
incandescent  electric  light.  The  reading  is  obtained  by  turning  the 
disc  until  one  of  the  tints  matches  the  pastille  and  then  the  numeral 
in  the  lower  window  is  noted.  The  pastilles  should  be  handled  with  a 
pair  of  forceps. 

Advantages  and  Disadvantages, — The  Hampson  radiometer  is  much 
cheaper  than  those  of  Holzknecht  and  Corbett,  but,  unfortunately,  it  is 
not  as  reliable.  A  comparison  of  several  Hampson  radiometers  showed 
variations  in  the  control  tints.  It  is  probable  that  the  tints  are  accu- 
rate when  they  leave  the  factory  and  the  color  changes  are  due  to  the 
action  of  the  elements.  The  actual  comparison  of  the  half  pastille 
with  the  control  is  more  difficult  and  less  accurate  with  the  Hampson 
than  with  the  Holzknecht  radiometer.  In  the  first  place  it  is  impos- 
sible to  place  the  half  pastille  in  contact  with  the  control — there  is  an 
embarrassing  hiatus  due  to  the  horizontal  strip  of  black  cardboard. 
Then,  the  upper  edge  of  the  control  is  convex  while  the  lower  edge  of 
the  half  pastille  is  straight.  Finally,  the  pastille  possesses  a  grain  and 
a  gloss  that  are  lacking  in  the  control.  English  pastilles,  when  they 
arrive  in  this  country,  are  likely  to  be  too  dark  to  match  tl:c  Hampson 
zero  in  a  new  instrument.  Domestic  pastilles  match  a  new  yero  tint 
pretty  accurately  but  are  too  light  for  older  instruments. 

Corbett  Radiometer  (Fig.  47).  —  This  instrument  designed  by 
Dudley  Corbett  of  England,  is  the  result  of  an  attempt  to  obtain  a 
pastille  radiometer  possessing  all  the  virtues  and  free  of  the  limitations 
of  the  instruments  already  described.  The  radiometer  is  the  direct 
result  of  experiments  made  with  the  Lovibond  tintometer  to  create  a 
standard  Tint  B.  C  orbett  had  noticed  that  the  B  Tint  of  the  Sabou- 
raud-Xoir^  radiometer  varie<l  in  different  instruments.  This  led  him 
to  test  fresh  pastilles  with  the  tintometer  in  order  to  estimate  the 
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ciilora  and  percentages  (rontairied  therein.  After  deciding  upon  a 
standard  color  formula  for  Tint  IS,  he  studied,  by  means  of  a  tinto- 
meter, the  chanj^es  in  ctilors  and  percentages  thereof,  in  pastilles 
subjected  to  various  lioses  of  roentgen  rays.  In  this  manner  he  was 
able  to  create  color  formulie  for  the  various  standard  doses  and  fractions 
thereof. 

The  control  scale  consists  of  eight  glass  tablets;  each  tablet  contains 
the  requisite  percentages  of  the  proper  colors  for  that  particular  dose. 
The  eight  tablets  supply  fractional  dose  controls  from  zero  to  Tint  B. 
The  optical  instrinnent  is  a  wooden  tube,  six  inches  long  and  one  inch 


square,  tlie  inside  of  which  is  painted  black.  At  the  upper  end  there  is 
a  single  oiwning  for  the  eye.  At  the  lower  extremity  there  are  two 
openings  each  of  which  is  the  size  and  shape  of  a  pastille.  Immediately 
under  the  ajwrtures  is  a  receptacle  to  accommodate  the  glass  tablets. 
Two  inches  below  this  there  is  a  platform  which  is  covered  with  pure 
white  standard  paper  (supplieil  with  the  instrument).  Tlie  pastille 
is  placed  on  the  left  side  of  the  platform  directly  under  tlie  left  lower 
aperture  of  the  optical  tube.  Light  from  an  eight  candle-power  incan- 
descent electric  bulb  is  allowefl  to  shine  on  the  pastille  and  white  paper. 
The  eye  is  placed  close  to  the  o])ening  at  the  upper  end  of  the  tube; 
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the  reflected  light  from  the  pastille  will  reach  the  eye  through  the  left 
aperture  without  passing  through  any  colore<l  nuHliuni.  The  rt^flected 
light  from  the  white  paper  will  reach  the  eye  through  the  right  aperture. 
Obviously,  therefore,  the  left  opening  will  be  the  color  of  the  pastille, 
while  the  right  opening  will  be  white.  Now  the  zero  glass  tablet  is 
placed  in  the  rec^eptacle  under  the  right  aperture;  the  rt^flectwl  light 
from  the  white  paper  now  passes  through  the  tintwl  glass  and  both 
openings  register  color.  If  the  pastille  has  bt»t»n  exi)ostMl  to  an  epilating 
dose  at  half  distance,  the  Tint  B  tiiblet  will  match  the  pastille  when 
employed  as  above  described.  With  a  little  practice  it  is  possible  to 
obtain  an  astonishing  degree  of  accuracy  in  matching  tints,  but  theni 
is  a  troublesome  halation  (bright  halo  at  the  periphery  of  tlu»  lowtT 
apertures),  which  is  embarrassing  until  the  eye  beconics  sufficiently 
practiced  to  disregard  it. 

There  are  two  sets  of  glass  tablets  suppliwl  with  the  instrument — 
one  for  use  >*ith  artificial  light  and  one  for  daylight.  The  tints  sup- 
plied are: 

Tint  A  12  H  1  15  H 

1/4  B  4  5H  2H 

1/3  B  Tint  H 

These  values  are  estimated  at  half  distance;  therefore,  the  tablet 
representing  the  epilating  or  erythema  dose  at  skin  distance  is  J  H. 
Care  must  be  taken  not  to  eniploy  the  daylight  tablets  when  using 
artificial  light  and  vice  term.  In  addition  to  tints  already  enumerat<Hi, 
there  are  three  so-called  neutral  tints  whi(!h  are  to  1m»  employed  only 
with  daylight — Tint  A,  \  B  and  \  B.  It  was  found  that  while  thew 
three  standards  would  match  the  pastille  in  tint  (daylight  comparison) 
there  was  a  confusing  difference  in  brightness,  the  pastille  iH'ing  more 
brilliant  than  the  control  ow  account  of  white  light  InMiig  reflectwl 
from  its  surface.  This  brightness  can  l>e  duller!  by  the  inteqiosition 
of  one  of  the  neutral  tints  which  contain  the  rec|uisit<'  amount  of 
red,  yellow,  and  blue  to  absorb  the  white  light.  The  tlirw*  neutral 
standards  are  markeii  to  corresiK>nrl  with  the  tints  with  whirh  they  are 
to  be  used. 

The  Corbett  tints  are  accurately  made  anrj  s<*<'m  to  In?  ji^-nnanerit. 
Hence  we  have  a  jx*nnanent,  standard  zero  tint  for  fresh  pa^^tilles  and 
the  same  for  the  epilating  rlose.  While  it  is  possible  to  match  the 
pastilles  with  the  controK  with  ctmsidcrable  arruracy,  the  author 
cannot  admit  that  the  comparis^^n  is  as  ar-^-urately,  a^  ea-ily.  or  as 
quickly  made  a-  i>  the  ca-^  with  the  Holzknecht  radioiiH-tcr.  Th#- 
Corixftt  ra^liometer  i^  the  <>aiije  price  as  the  Ilolzknc^'ht  in-trumcnt. 
and  it  is  a  little  lc^«  ccrinriiuiral  l><-cauM-  it  i*  ne^-*— rary  to  u-^*  whoh- 
instead  of  half  pa-tillc-. 

Cos  Radiometer.-  Thi-  '-on-i-t?  of  a  more  n-^eut  aud  iixjprovwj  tvj>«- 
of  C'orbett  radioiuKer.  T\j:  diffcnu*-*-  i-  jrj  a  uiut*-  ''cyijv«-iji<'j;T.  but 
no  more  HfX'uraXt;  uiffl\ifA  of  '^•'iiopari-^^jj.     'i'K'-  '*i:.V'*\  ;:)a--  tabJ«-T*  are 
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smaller  and  arranged  at  the  periphery  of  a  circular  disc  which  is  placed 
at  the  lower  end  of  the  optical  tube.  The  pastille  is  placed  in  position 
and  the  disc  rotated  until  the  two  apertures  match  in  tint.  A  reading 
is  then  made  by  referring  to  the  numerals  on  the  disc.  Eight  standard 
tints  are  provided  for  use  with  artificial  light  and  the  tints  represent 
half-distance  estimation. 

lonto  Radiometer. — Measurement  by  means  of  ionization  was  the 
first  method  employed  to  accurately  estimate  the  intensity  of  roentgen 
and  radium  rays.     It  is  employed  by  physicists  and  is  exceedingly 
accurate,  but  no  one  has  ever  succeeded  in  perfecting  a  practical  radio- 
meter based  on  the  principles  of  ionization.    Szillard,  of  Paris,  devised 
an  ionization  instrument  for  use  by  practical  roentgenologists  which,  how- 
ever, never  became  popular.     It  consists  of  a  small  electrometer  and 
a  tiny  static  machine  enclosed  in  a  case.    The  electrometer  is  charged 
by  a  few  turns  of  the  influence  machine  and  the  degree  of  charge  is 
indicated  by  a  needle  and  a  scale  of  figures.     A  small  ionizing  chamber, 
which  is  placed  on  the  skin  under  the  anode,  is  connected  by  one  pole 
with  the  electrometer  by  a  carefully  insulated  wire.    The  other  pole  is 
grounded.     In  order  to  avoid  surface  leakage  the  insulation  must  be 
perfect  and  the  parts  must  be  kept  free  of  dust  and  moisture.    The 
static  machine  also  must  be  kept  dry  or  it  will  fail  to  charge  the  electro- 
meter.   When    radiation    enters    the    ionizing    chamber,    ionization 
owurs,  conductivity  increases  and  the  electrometer  begins  to  discharge. 
The  conductivity  of  the  gases  and  hence  the  rate  and  amount  of 
electrometer  discharge  depends  upon  the  quantity  of  radiation  reaching 
the  ionizing  chamber.    With  roentgen  rays  entering  the  chamber  the 
electrometer  needle  begins  to  move  from  zero  toward  10.    The  calibra- 
tion of  the  scale  corresponds  with  Kienbock  units — ionto  10  equals 
10  X — therefore  when  the  needle  reaches  10  an  epilating  dose  has  been 
administered.     Inasmuch  as  ionization  varies  with  penetration  the 
calibration  is  correct  for  only  one  degree  of  penetration.     But  it  is 
possible  to  utilize  the  calibration  for  different  qualities  by  placing 
diaphragms  of   lead  over  the  ionizing  chaml)er,  thus  increasing  or 
duninishing  the  amoinit  of  the  latter  to  be  influenced  by  the  .r-rays. 

Shearer  has  the  following  to  say  relative  to  the  possibility  of  utilizing 
ionization  for  estimation  of  roentgen-ray  intensity  in  practical  work: 
"  All  of  us  realize  the  need  of  better  means  of  measurement  in  roentgen 
therapy.  Othen\'ise  the  experience  gained  by  painstaking  labor  and 
careful  observation  is  not  rendered  available  for  others. 

"Yet  it  must  be  admitted  that  the  introduction  of  unusual  methods, 
involving  an  experience  very  different  from  that  possessed  by  the 
roentgenologist  and  where  the  conditions  for  reliable  readings  are  hard 
to  obtain,  is  quite  likely  to  do  harm  and  even  to  discredit  measure- 
ments in  general. 

"The  profession  must  not  be  misled  by  the  use  of  scientific  terms. 
Certainly  ionization  methods  are  invaluable  in  the  research  laboratory 
when  they  are  used  by  those  especially  trained  to  recognize  the  condi- 
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i^OTis  which  must  be  obtained  for  reliable  results.  But  it  may  well  be 
lovibted  whether  the  introduction  of  even  well-designed  apparatus  of 
^l^s  kind  for  routine  work  would  be  conducive  to  better  results,  as  it 
^^'oiild  be  very  hard  to  obtain  the  conditions  needed  while  actually 
^^^"'efiting  the  patient. 

*'The  ionization  of  a  gas  renders  it  able  to  conduct  electricity  when 

s^tjected  to  electrical  tension  or  voltage.     Every  atom  of  the  gas  is 

f^^i^e  up  of  minute  negative  particles  (electrons)  and  a  total  positive 

<^harge  equal  in  amount  to  the  negative.    Certain  processes  wall  disrupt 

"^Hc atoms  so  that  electrons  and  positive  remainders  will  be  separated. 

^\Tien  such  ionized  gas  is  betw^een  two  conductors  and  a  considerable 

v-oltage  is  applied,  the  electrons  move  toward  the  positively  charged 

I>late  and  the  positive  remainders  in  the  reverse  direction.    The  latter 

^t^afew  thousand  times  as  heav^'  as  the  electrons  and  are  slow  moving. 

I^  left  to  itself  an  ionized  gas  rapidly  regains  its  non-conducting  state 

l^ecause  of  recombination  of  the  positive  and  negative  portions. 

"If  one  is  to  measure  the  activity  of  the  ionizing  agent  by  the  current 
*>etween  the  plates  (current  =  electron  charge  multiplied  by  the  number 
of  electrons  reaching  the  wall  of  the  chamber  per  second)  we  must 
'■remove  the  ions  at  high  speed  to  prevent  loss  by  recombination.  To 
do  this  the  voltage  applied  to  the  ionization  chamber  must  transfer  the 
^^aaximum  attainable  or  saturation  current,  i.  e.,  get  the  ions  out 
quickly. 

"Roentgen  rays  will  ionize  a  gas  and  so  long  as  the  passing  rays  do 
^ot  excite  the  peculiar  secondar^'^  rays  characteristic  of  that  gas  the 
^Bdount  of  ionization  is  quite  in  proportion  to  the  radiation  absorbed. 
Roentgen  rays  striking  the  metal  conductors  will  cause  extra  ionization 
*^  the  chamber.  This  makes  readings  too  large  and  by  an  amount 
^fficult  to  estimate.  Only  in  rare  cases  have  all  the  ravs  been  absorbed 
*n  the  gas.  The  amount  absorbed  varies  w  ith  the  tube  *  hardness' 
*D(i  there  is  no  simple  way  to  correct  for  the  rays  not  absorbed. 

"The  conditions  for  reliable  measurements  may  in  part  be  stated  as 
follows: 

1.  Complete  absorption  of  all  roentgen  radiation  entering  the 
chamber  by  the  gas  to  be  ionized.  Or  at  least  a  constant  fraction  of 
*e  total.  ^ 

2.  The  characteristic  secondary  rays  must  not  be  excited  to  an 
^^nt  interfering  with  the  readings. 

3.  The  voltage  applied  to  the  ionization  chamber  must  be  large 
^^ough  to  secure  saturation  current. 

4.  The  electroscope,  electrometer  or  galvanometer  used  and  all 
^nnections  must  be  well  protected  from  radiation. 

5.  The  r^s  must  not  strike  the  walls  of  the  chamber  setting  up 
^rpuscular  or  secondary  effects. 

It  may  weH  be  doubted  whether  any  simple  and  convenient  device 
Meeting  even  most  of  these  conditions  can  be  devised,  and  apparatus 
^  do  this  work  well  is  too  complicated  to  meet  the  needs  of  routine 
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treatment.  Such  appliances  in  well-equipped  research  laboratories  are 
invaluable  and  where  the  results  are  properly  worked  up  and  presented 
they  will  be  of  great  help  in  therapeutic  work.  Done  otherwise  we  will 
only  encumber  the  pages  of  the  literature  with  misleading  results,  and 
our  offices  with  trinkets  soon  to  be  discarded  at  an  expense  that  we  can 
ill  afford." 

Ck>mparison  and  Choice  of  Radiometers. — Each  radiometer  has  its 
advantages  and  limitations.    These  may  be  enumerated  as  follows: 

1.  Ilolzknecht  Radiometer. — Everything  considered  this  is  perhaps 
the  most  accurate  of  the  pastille  radiometers.  One-half  of  a  pastille 
is  used  for  the  control ;  the  other  half  for  the  reaction  piece.  Therefore, 
if  the  colored  celluloid  band  is  in  good  condition  the  two  half  pastilles 
are  bound  to  match  at  zero  so  that  there  can  be  no  error  here.  For  the 
same  reason  pastilles  that  are  slightly  discolored  may  be  used.  That 
is,  there  is  no  standard  zero.  The  pastille  makes  its  own  zero.  The 
disadvantages  are  that  the  color  index  is  not  permanent  and  the 
instrument  is  not  obtainable  at  present. 

2.  Hamyson  Radiometer. — ^The  chief  difficulty  with  this  radiometer 
is  that  the  tints  vary.  Also  it  is  impossible,  in  this  country  at  least, 
to  obtain  pastilles  that  will  match  the  zero  tint.  Domestic  pastilles 
are  too  light  and  English  pastilles  are  usually  too  dark;  occasionally 
too  light.  Comparison  is  not  as  accurate  as  with  the  Holzknecht 
instrument. 

3.  Corbett  Radiometer. — ^The  advantage  of  this  radiometer  is  in  the 
permanent,  accurate,  standard  tints.  Domestic  pastilles  match  the 
zero  tint.  English  pastilles  when  received  in  this  country  are  darker 
than  the  zero  tint  and  cannot  be  used.  The  method  of  comparing 
the  pastille  with  the  control  is  a  little  more  accurate  than  with  the 
Hampson  radiometer,  but  it  is  not  as  good  as  is  the  Holzknecht  method. 
With  the  latter  there  is  a  possibility  of  error  at  the  end  of  the  dose  but 
not  at  the  beginning.  With  both  the  Hampson  and  Corbett  radiom- 
eters there  is  a  possibility  of  an  error  at  the  beginning  and  the  termina- 
tion of  the  treatment.  The  Corbett  and  Hampson  radiometers  possess 
the  advantage  of  being  easily  obtained  (at  least  this  was  true  until 
recentlv). 

4.  Kienbock  Radiometer. — ^The  photographic  method  of  measuring 
intensity  has  received  the  support  of  the  physicists  but  it  has  never 
been  as  popular  as  the  pastille  method  among  practical  roentgenologists. 
The  main  reasons  for  the  popularity  of  the  pastille  method  over  the 
photographic  method  in  this  country  are  that  before  the  war  good 
pastille  radiometers  and  good  pastilles  were  easily  obtained;  good 
photographic  radiometers  were  obtained  with  difficulty;  and  because 
many  of  the  leading  roentgen  therapeutists  favored  pastilles  in  prefer- 
ence to  photographic  paper.  About  the  only  practical  workers  in  this 
country  to  use  the  photographic  method  were  men  who  were  doing 
deep  therapy. 

The  advantages  and  limitations  of  the  photographic  method  were 
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outlined  in  the  last  chapter  and  need  not  be  repeated  here.  The  author 
has  always  preferred  the  pastille  method  of  direct  measurement  and 
of  the  pastille  radiometers  he  favored  the  one  designed  by  Holzknecht. 
It  is  probable,  however,  that  greater  accuracy  can  be  had  by  the  photo- 
graphic method  in  trained  hands  and  if  an  American  concern,  under  the 
direction  of  a  physicist  and  a  practical  roentgenologist,  would  devise  a 
standard  photographic  radiometer,  such  radiometer  would  undoubtedly 
supersede  all  other  forms  of  direct  measurement. 

While  it  is  true  that  direct  estimation  of  intensity  is  no  longer  neces- 
sary in  practical  work,  yet  a  reliable  and  practical  radiometer  is  a  great 
comfort.  It  would  afford  the  beginner  an  opportunity  to  gain  technical 
experience  before  treating  patients;  it  could  be  employed  as  a  check 
to  the  indirect  or  electrical  method  of  intensity  estimation;  and, 
finally,  it  could  be  used  to  quickly  standardize  indirect  technic.  It  is 
fortunate,  indeed,  that  the  indirect  technic  of  today  is  so  reliable  for 
it  is  impossible  at  the  present  writing  to  obtain  reliable  radiometers, 
pastilles  or  photographic  strips.  This  is  no  great  handicap  to  the 
expert  for  he  knows  how  to  evolve  a  technic  but  it  does  make  a  difference 
to  the  beginner.  At  present  the  only  way  we  have  of  standardizing  a 
technic  is  by  visible  effects  on  the  skin.  This  question  of  direct  and 
indirect  technic  and  standardization  of  such  technic  is  discussed  at 
greater  length  in  Chapters  IV  and  X. 

With  any  type  of  radiometer  the  beginner  should  experiment  a  long 
time  before  attempting  to  treat  patients. 
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3.  Red  then  appears  in  increasing  proportion,  causing  the  tint  to 
become  deeper  in  tone. 

4.  The  proportion  of  yellow  remains  constant  throughout. 

5.  The  experimental  error  for  red  is  about  0.15. 

Color  formulae  for  the  various  standard  doses  were  established  as 
follows: 

OB Yellow  15  Blue  3.0 

iB Yellow  15  Blue  0.5 

IB Yellow  15  Red  0.25 

IB YeUow  15  Red  0.7 

JB YeUow  15  Red   1.0 

B Yellow  15  Red    1.45 

Corbett's  work  has  been  of  great  value  in  establishing  reliable  colored 
standards  for  unexposed  pastilles  and  for  standard  doses.  The 
importance  of  this  work  is  illustrated  by  the  study  of  a  number  of 
Sabouraud  B  standards: 

Yellow.         Red. 

1.  An  old  standard,  1904-1905 15  2.0 

2.  One  of  similar  date  the  employment  of  which  caused 

dermatitis  and  permanent  alopecia  (this  was  returned 

to  Sabouraud  who  pronounced  it  one-third  too  dark)        6  i .  85 

3.  The  same  pastille  after  being  corrected  by  Sabouraud 

returned  as** TeinteB  \Taie" 8  1.2 

4.  About  1905-1907 9  2.0 

5.  About  1906-1907 8  1.45 

6.  1908-1909 10  1.65 

7.  1908  (Corbett  standard) 15  1.50 

Preservation. — It  is  advisable  to  have  a  permanent  zero  standard 
with  which  to  compare  new  consignments  of  pastilles;  otherwise  there 
is  no  way  of  knowing  if  the  new  pastilles  are  of  the  proper  color.  For 
this  purpose  the  author  has  employed  the  zero  tint  supplied  with  the 
Corbett  radiometer.  It  is  difficult  to  obtain  pastilles  from  England 
or  from  the  continent  that  will  match  this  tint;  they  are  of  the  proper 
color  when  first  made  but  they  dry  out  in  transit  or  are  kept  in  a  dry 
place  for  too  long  a  time  while  in  the  hands  of  the  dealer. 

As  soon  as  the  screen  is  made  by  the  chemist  it  should  be  placed  in 
a  well  ventilated  humidor  and  when  the  pastilles  are  cut  from  the 
screen  these,  too,  should  be  kept  in  a  moist  atmosphere  while  in  the 
dealer's  hands.  While  en  route  the  pastilles  can  be  placed  in  a  small 
box  containing  a  damp  sponge;  a  few  small  holes  being  punched  in  the 
side  of  the  box  for  purposes  of  ventilation. 

The  author  has  employed  pastilles  made  by  a  chemist  in  this  country. 
The  screen  is  not  made  until  ordered  and  reaches  the  laboratory  in  a 
day  or  two.  It  is  then  cut  into  pastilles  by  means  of  a  sharp  metal 
punch.  In  cutting  pastilles  it  is  important  to  have  a  very  sharp  punch 
which  is  driven  through  the  screen  with  a  single  sharp  blow  of  a  heavy 
mallet.  If  not  done  in  this  manner  the  edge  of  the  pastille  will  assume 
a  reddish-yellow  color.  The  same  precaution  is  necessary  when  the 
pastilles  are  cut  in  half.    As  soon  as  received  the  screen,  or  the  pastilles, 
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few  minutes.     It  is  obvious  from  the  foregoing  that  heat  from  the  tube 
in  ordinary  practical  work  is  not  an  important  factor. 

Humidity. — ^The  effect  of  moisture  on  the  pastille  is  to  retard  altera- 
tions in  color  produc*ed  by  roentgen  rays.  Furthermore,  when  a  pastille 
has  been  colored  by  this  agent  a  humid  atmosphere  tends  to  restore  the 
normal  color.  Even  at  low  and  normal  temperatures,  if  kept  in  a  dry 
atmosphere,  a  perceptible  change  in  pastille  color  occurs  in  a  few 
nionths  and,  at  times,  in  a  few  weeks.  At  higher  temperatures  (above 
90**  F.)  tinctorial  variations  may  occur  in  a  few  days.  Alterations  in 
^^lor,  due  to  lack  of  moisture  are  permanent. 

^traviolet  Rays. — In  the  literature  it  is  stated  that  ultraviolet  rays 

effect  the  pastille  the  same  as  do  the  x-rays  with  the  exception  that 

^or  change  produced  by  ultraviolet  rays  involves  only  the  surface  of 

"^he  pastille.    The  author  has  not  been  able  to  verify  these  statements. 

*^  pastille  exposed  for  ten  minutes  to  the  rays  from  an  Alpine  lamp  and 

*  Kromayer  lamp  failed  to  show  any  appreciable  change  in  color. 

Prolonged  exposure  to  direct  sunlight  will  alter  the  color  and  this 

iteration  is  permanent.     It  is  probable  that  this  effect  is  due  to  heat 

and  dnness  as  the  color  change  occurs  throughout  the  pastille. 

X-rays -and  Radium. — A^-rays,  gamma  rays  and  beta  rays  all  provoke 
^he  same  color  changes  in  the  double  cyanide  of  barium  and  platinum, 
^his  alteration,  as  observed  by  Howard  Pirie,  is  not  entirely  permanent, 
"a pastille  is  exposed  to  x-rays  until  a  distinct  brown  color  is  manifest, 
*  partial  recover^'  will  follow  exposure  to  daylight  (not  sunlight). 
)  cool,  moist  atmosphere  has  the  same  effect.  Even  strong  artificial 
"?ht  (possibly  heat)  such  as  that  from  an  incandescent  electric  bulb 
^"ill  accelerate  the  recovery.  The  pastille  never  returns  quite  to  its 
Paginal  color.  At  maximum  recovery  the  pastille  will  register  i  or  ^ 
*^  the  Holzknecht  radiometer,  depending  upon  the  depth  of  color 
PMuced  by  the  a'-rays.  After  each  exposure  recovery  is  less  until 
*^ally  the  pastille  ceases  to  respond  to  any  agent — it  has  lost  its 
sensitiveness. 

Chemistry  of  CJolor  Change. — According  to  Levy  the  color  change  is 
""e  to  the  loss  of  water  of  crystalization.  In  other  words,  the  above 
J^Qts  change  the  salt  from  the  crystalline  to  the  amorphous  state, 
ll^s  explains  why  a  used  pastille  is  less  sensitive  than  a  fresh  one  and, 
"^»  why  a  pastille  becomes  less  sensitive  as  color  is  added  during  an 
^^Posure. 

Ao  the  eye  a  fresh  pastille  is  greenish-yellow.  Under  the  influence 
^'  the  a:-rays  green  is  gradually  lost  until  at  a  point  approximating  I 
^P^lating  dose  (half  distance)  the  color  is  yellow.  Then  the  color 
pnanges  to  orange  and  this  becomes  gradually  deeper  as  the  exposure 
l^^ntinued.  Corbett,  who  has  studied  this  color  change  by  means 
^theLo\ibond  tintometer  records  the  following: 
J-  The  unexposed  pastille  is  a  mixture  of  yellow  and  blue. 
2.  The  blue  gradually  disappears,  until  at  a  j)oint  just  below  the  ^ 
^puating  dose  (half  distance)  yellow  is  the  only  color  present. 
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Used  pastilles  that  have  "recovered"  are  not  as  accurate  as  are  fresl 
pastilles.  They  no  longer  match  the  zero  tint  of  the  radiometer 
which  makes  it  possible  for  a  reading  error  to  occur  both  at  the  begin- 
ning and  at  the  end  of  a  treatment.  Such  pastilles  are  a  little  less 
sensitive  which  permits  another  possible  error.  For  work  where  greal 
accuracy  is  required  it  is  essential  that  the  pastille  match  the  zero  tint 
Where  such  accuracy  is  not  required,  as  in  the  treatment  of  epithelioma 
slightly  colored  pastilles  may  be  employed. 

Color  Blindness.-^The  ability  to  detect  slight  color  changes  and  tc 
quickly  and  accurately  match  tints,  varies  considerably  in  diflFerenI 
individuals.  Some  eyes  are  endowed  with  this  ability  while  others 
must  be  trained  or  educated  by  practice.  For  this  reason  experience 
in  pastille  reading  is  necessary  before  the  method  is  employed  foi 
practical  purposes.  For  the  same  reason  it  is  inadvisable  to  have  the 
treatment  begun  by  one  individual  and  finished  by  another.  That 
ordinary  color  blindness  is  an  important  factor  in  this  work  has  not  been 
proved.  An  individual  might,  for  instance,  say  that  the  unexposed 
pastille  is  bluish  yellow  instead  of  greenish  yellow.  It  is  doubtful  if 
this  would  make  any  difference  pro\ided  that  the  eye  possessed  the 
ability  to  detect  slight  changes  in  tint.  The  unexposed  pastille  is 
composed  of  yellow  and  blue;  under  exposure  to  the  ar-rays  the  blue  is 
lost  and  yellow  is  the  only  color — red  then  appears  in  increasing  pro- 
portion. Color  blindness  may  be  in  relation  to  any  one  or  all  of  these 
colors,  but  even  so  it  may  be  possible  for  the  individual  to  detect 
slight  tinctorial  changes.  Perhaps  eyes  exist  that  fail  to  match  colors 
or  to  detect  slight  changes  in  tint.  Such  eyes,  if  the  defect  cannot  be 
remedied  by  lenses  or  by  education,  are  unsuitable  for  pastille  reading. 
In  this  connection  the  author  has  never  yet  trained  a  person,  male  or 
female,  who  could  not  read  pastilles  accurately  after  an  experience  of 
several  weeks. 

The  comparison  of  pastille  doses  with  skin  effects  is  discussed  at 
greater Jength  in  the  next  chapter. 
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CHAPTER  IX. 

ARITHMETICAL  COMPUTATION  OF  X-RAY  DOSAGE. 

The  so-called  indirect  method  of  estimating  roentgen  dosage  ante- 
dates all  other  schemes  of  measurement  in  practical  work.    The  estima- 
^on  is  made  by  means  of  the  spark  gap,  milliammeter,  time  and  anode- 
^  distance.     Before  the  advent  of  the  interrupterless  transformer 
™  the  Coolidge  tube  the  method  was  exceedingly  unreliable  and  gave 
^^y  to  the  so-called  direct  technic  (pastille  and  photographic  radio- 
meters).   The  chief  requisite  of  indirect  technic  is  ability  to  control 
voltage  or  if  it  means  more  to  the  reader,  ability  to  establish  certain 
^^^cal  "factors"  or  "constants"  and  to  maintain  them  or  vary  them 
at  will.    Modem  apparatus  and  instruments  supply  the  demand  to  a 
"^?Pee  that  meets  practical  requirements. 

^^  electrical  measurement  there  are  four  factors  which  are  of  the 

^test  importance,   namely,   milliamperage,  voltage    (spark    gap), 

^^  and  distance.    These  are  the  constants  or  factors  that  establish 

tfle  technic.     If  we  employ  2  milliamperes  of  current,  a  6-inch  spark 

^P»  a  distance  of  8  inches,  and  an  exposure  of  three  minutes,  assuming 

"^t  these  factors  remain  constant  throughout  the  exposure,  a  definite 

^oui\t  of  radiation  will  reach  the  skin.    It  is  obvious  that  every  time 

tijat  these  factors  are  used  the  same  quantity  and  quality  of  radiation 

5"'  "^  produced.    It  is  feasible,  therefore,  to  establish  a  technic  that 

'^  sufls^jj^ntly  accurate  for  practical   purposes,  that   will  duplicate 

If^*t:s  and  that  can  be  passed  on  from  one  operator  to  another. 

"'^ermore,  such  technic  has  stood  the  test  of  time. 

^^  is  necessary  or  at  least  advisable  for  the  operator  to  know  how 

J^<^  radiation  in  terms  of  units  is  obtained  with  a  given  set  of  factors. 

^^  information  can  be  ascertained  in  several  ways. 

St^^ndarduation  by  Effect  on  Skin. — Let  us  adhere  to  the  constants 

*"^^<ly  given — ^Ma.  2,  Sp.  G.  6  in.,  T.  3  min.,  D.  8  in.     Utilize  a  split- 

^^ized  area  of  skin  on  the  flexor  surface  of  the  forearm  of  a  female 

^^^^^scent  (preferably  a  blond)  for  the  experiment.     Establish  all  the 

^^t^nts  except  time.    Make  an  exposure  of  one  minute  and  wait 

^  >^'eeks  for  a  possible  erythema.     If  none  appears,  expose  a  similar 

^r^  for  two  minutes,  then  for  three  minutes  if  necessary,  and  so  on. 

s&vijjjg  ^j^g^^  ^g  third  area  exposed  (three  minutes)  develops  a  faint 

^^^  definite  erythema— Ma.  2,  Sp.  G.  6,  T.  3  min.,  I).  8  in.,  will  be  the 

^"^liema  dose  and  this  particular  technic  is  standardized.    Any  set 

^  ^^Tistants  may  be  employed,  but  with  every  set  used  it  is  necessary 

^  Ascertain  the  erythema  dose  as  above  outlined.     After  the  erythema 

,^^^  has  been  established,  it  is  necessary  only  to  split  the  time  to 

^^rmine  fractions  thereof.    The  reason  for  selecting  a  young  fair  skin 
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and  a  flexor  surface  is  because  such  skin  is  more  sensitive  than  dark 
skin  on  the  extensor  surface  of  older  individuals.  Ob\dously,  it  is 
preferable,  for  the  sake  of  safety,  to  standardize  the  erythema  dose  on 
sensitive  normal  skin  rather  than  on  comparatively  insensitive  skin. 
The  er^-thema  dose  for  the  average  skin  is  often  spoken  of  as  the  skin 
unit  (HI  skin  distance;  H  4;  8  X).  To  standardize  the  epilating  dose 
similar  experiments  may  be  carried  out  on  minute  areas  of  the  scalp. 
Because  of  medico-legal  possibilities  it  is  advisable  to  apply  these  experi- 
ments to  the  person  of  the  operator.  Because  of  the  difference  in 
susceptibility  between  human  skin  and  the  skin  of  lower  animals,  the 
latter  will  not  answer  for  the  purpose  of  standardizing  a  technic  foi 
human  skin. 

The  objections  to  standardizing  a  technic  by  visible  skin  effects  are 
perhaps  numerous,  but  the  chief  ones  are  the  length  of  time  required 
and  the  fact  that  the  skin  of  different  persons  and  the  skin  in  different 
parts  of  the  same  person,  will  react  differently  to  the  same  dose.  The 
skin  of  the  flexor  surface  of  the  forearm,  the  axillae,  the  anterior  neck  and 
the  face  ^ill,  in  some  young  persons,  react  to  a  half  skin  unit,  while  it 
may  require  a  full  skin  unit  to  affect  a  reaction  of  the  skin  in  other 
locations.  It  is  preferable,  therefore,  to  make  a  number  of  experi- 
ments in  different  parts  of  different  persons  and  ascertain  the  dose 
that  will  effect  a  reaction  under  different  conditions.  As  will  be  seen 
later,  the  erj-thema  dose  has  been  standardized  as  1  Holzknecht  imit 
with  the  pastille  on  the  skin.  This  amount  of  ar-rays  will  effect  an 
erjlhema  on  sensitive  parts  but  not  on  insensitive  parts  such  as  the 
scalp.  It  is  necessary  to  have  some  standard  and  HI  to  Hli  skin 
distance  is  the  accepted  standard  for  the  erythema  dose.  If  the  novice 
attempts  to  standardize  a  technic  by  visible  skin  effects  he  must 
realize  that  a  dose  that  will  produce  an  erythema  on  a  sensitive  i>art 
will  not  effect  the  same  result  on  a  less  sensitive  part  of  the  same  indi- 
vidual and  vice  versa.  If  one  is  attempting  to  ascertain  by  skin 
effects,  with  a  definite  set  of  constants,  the  standard  Hi  at  skin 
distance,  it  is  preferable  to  select  the  skin  on  the  flexor  surface  of  the 
forearm  of  a  male  adult  brunette. 

Radiometric  Standardization. — This  consists  of  utilizing  pastille  or 
photographic  paper  to  determine  the  time  required  for  the  erythema 
dose  with  a  given  set  of  constants.  The  method  has  the  advantage  of 
requiring  only  a  few  minutes,  but  it  demands  considerable  experience 
with  at  least  one  reliable  t^'pe  of  radiometer. 

Physical  Laws. — Before  proceeding  further  it  is  necessary  for  the 
reader  to  understand  and  memorize  certain  physical  laws: 

1.  Intensity  varies  directly  as  the  square  of  the  voltage  (photo- 
graphic). 

2.  Intensity  varies  directly  as  the  voltage  (pastille). 

3.  Intensity  varies  directly  as  the  milliamperage. 

4.  Quantity  varies  directly  as  the  thne. 

5.  Intensity  varies  inversely  as  the  square  of  the  distance. 
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All  methods  of  measurement  agree  with  these  laws  excepting  that 
relating  to  voltage  (spark  gap),  where  photographic  and  pastille 
methods  give  contrary  results.  Visible  skin  effects,  so  far  as  can  be 
ascertained  by  such  methods,  agree  with  pastille  measurement;  there- 
fore for  superficial  therapeutic  work  we  accept  the  second  law. 

To  explain  these  laws  in  a  different  manner:  (1)  Doubling  the  spark 
gap,  doubles  the  dose.  (2)  Doubling  the  milliamperage,  doubles  the 
dose.  (3)  Doubling  the  time,  doubles  the  dose.  (4)  Doubling  the 
distance  gives  one-quarter  of  the  dose. 

It  should  be  clearly  understood  that  these  laws  pertain  only  to  super- 
ficial therapeutic  work  with  unfiUered  rays.  It  is  also  of  the  utmost 
importance  to  realize  that  "distance"  means  from  the  anode  to  the 
skin;  not  from  the  glass  wall  of  the  roentgen  tube  to  the  skin. 

Use  of  Equations. — It  is  preferable  that  the  roentgenologist  become 
accustomed  to  the  use  of  equations,  because  mathematical  formulae 
allow  of  visualization  and  arithmetical  computation.  The  following 
fonnula  is  for  unfiltered  ar-rays  in  superficial  therapy : 


Current  X  voltage  X  time 


=     intensity  at  the  surface 


=     1 


Distance  X  distance 

or*  expressed  in  arbitrary  figures: 

20  X  5  X  4  400 

20  X  20  ""     400 

Shearer,  by  photographic  measurement  (comparison  of  densities  on 
photographic  plates)  has  shown  that  doubling  the  voltage  increases  the 
intensity  by  four.  That  is  to  say,  if  voltage  is  doubled,  four  times 
more  radiation  will  reach  the  skin.    Shearer's  formula  is  as  follows: 

Current  X  voltage  X  voltage  X  time 
Distance  X  distance 

The  following  numerals,  selected  for  mathematical  convenience, 
°^*y  be  used  to  replace  the  nouns  in  the  formula : 

20  X  5  X  5  X  4  2000 

=      5 


20  X  20  400 


If  Voltage  is  doubled  intensity  will  be  increased  four  times.  That  is, 
Jour  times  as  much  radiation  will  reach  the  plate  as  shown  by  the  next 
fonnula: 


20  X  10  X  10  X  4  8000 


20  X  20  400 


IV*  L  *^^h^^*^  associate,  John  Remer,  in  collaboration  with  \V.  D. 
utherbee,  of  the  Rockefeller  Institute,  by  carefully  conducted  pastille 
^^Urement  demonstrated  that,  by  this  method,  doubling  the  spark 
^P  instead  of  increasing  intensity  four  times,  as  in  photographic 
Dieasurement,  simply  doubles  the  dose.  Furthennore,  they  show^ed 
^^11  be  seen  later,  that  pastille  measurement  apparently  corresponds 
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with  the  effect  on  the  skin.  If,  therefore,  pastille  measurement  is  to 
be  accepted  as  a  basis  for  therapeutic  technic  the  following  formula 
must  be  used : 

Current  X  voltage  X  time 
Distance  X  distance 

Or,  expressed  in  the  figures  previously  employed: 

20  X  5  X  J  400      ^ 

20  X  20  400 

Now  if  voltage  is  doubled  intensity  is  also  doubled  thus: 

20  X  10  Xj4       ^     800 
20  X  20  ~      400 

Pastille  readings  are  recorded,  as  a  rule,  in  Holzknecht  units,  while 
photographic  measurement  is  usually  given  in  Kienbock  units.  To 
change  a  Holzknecht  to  Kienbock  reading  it  is  necessary  to  double  the 
former.  The  explanation  is  that,  with  the  pastille,  doubling  voltage 
doubles  the  dose  while,  photographically,  doubling  voltage  increases 
the  dose  by  four. 

To  test  the  accuracy  of  pastille  measurement,  to  determine  the 
effect  of  varying  the  factors,  and  to  obtain  the  ratio  between  pastille 
measurement  and  skin  er^'thema,  the  following  experiments  were 
conducted  by  Remer  and  Witherbee: 

Pastille  reading. 
Ma.       Sp.  G.    Distance.        Time.      Skin.      One-half  distance. 

1 3  ^  8  2  §  H.  2  H. 

2 3  6  8  2  1    H.  4H. 

3 3  9  8  2  1|H.  6H. 

4 3  6  16  2  i  H.  1  H. 

5 3  6  16  4  §  H.  2H. 

6 6  3  8  2  1  H.  4  H. 

By  comparing  experiments  Nos.  4  and  2  it  is  obvious  that  intensity 
varies  inversely  as  the  square  of  the  distance.  Comparison  of  Nos.  2 
and  1  reveals  that  doubling  voltage  also  doubles  intensity.  Nos.  1 
and  6  show  that  the  pastille  reading  is  doubled  when  milliamp6rage  is 
doubled. 

The  next  experiment  determines  the  ratio  between  pastille  readings 
and  the  effect  on  the  skin.  Four  areas  of  a  man's  back  were  treated 
with  the  following  factors: 

^'  3X3X5 

8X8  =      ^*'^"^      ==     ^^• 

^'  3  X  6  X  25 

8X8'  "        *  ^ 

*•  3  X9  X  If  ^,    ,.  _„ 
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Areas  I  and  3  are  rontrol^  In  area^  2  and  4  the  spark  gap  was 
doubled  and  the  time  cut  in  half.  The  pastille  re^sters  the  same  d<>se 
in  each  instance  and  the  intensity  uf  enthema  is  appaiently  the  same 
in  each  area  as  depicted  hy  the  photograph  of  the  patient  Fit:.  -IS' 
takeo  ten  days  after  the  exposure. 

From  the  foregoinf;  it  is  ob\~ious  that  nith  either  the  pastille  or 
phob^raphic  method  a  standanl  fonnula  possessing  a  deiinite  value 
can  be  establi^ed.  Frcm  this  fi>rmula  it  is  possible  to  compute  the 
Aose  for  an\'  set  of  factors. 


Pia.  48.— Four  urrSA  of  r-ra*'  erjihfraa  all  of  which  are  apiMrtrntly  of  ihr  sanio  ilvicnv. 
Eiplanaliun  oill  he  found  m  the  tpit. 

ITie  following  formula  has  been  established  by  Uemer  and  Witlierbee 
as  representing  (pastille  measurement)  the  so-cailed  skin  unit  (Hi  skin 
distance;  H4,  half  distance;  8X): 


The  arithmetical  rules  for  this  work  are: 

1.  For  determination  of  intensity  or  quantity  diviiic  the  [m«lnct  of 
any  fonnula  by  the  product  of  the  stamlunl  fnnnula. 

2.  For  determination  of  time  divide  the  priwluct  of  the  standani 
formula  by  that  of  the  new  formula. 

In  order  to  demonstrate  arithmetical  coniputatinn  the  foilowin}; 
examples  are  given:  If  time  is  increased  by  nno  minute  what  will  be 
the  result? 
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The  product  of  this  formula  is  di\ided  by  that  of  the  standard 
formula  thus: 

45  64 

—      X     —      =     1 J  skin  units     =     H  5. 

64  36 

\Miat  will  be  the  dose  if  the  spark  gap  is  doubled? 

3X6X4  72      ^^     64  „    . . 

=     TT      X     —      =     2  skin  units      «     H  8. 


8X8  64  36 

Suppose  the  distance  is  changed  from  8  to  12  inches: 

X     TT      —     0.44  (a  little  less  than  \  skin  unit). 


12  X  12  144  36 


With  2  milliamperes,  a  6-inch  gap  and  an  exposiu^  of  three  minutes, 
what  distance  would  be  required  to  obtain  1  skin  unit? 


2X6X3  ,    , .        .  36 

=      1  skin  unit      «     — r 


X»  64 

Therefore 

36  _  36 

X*  "  64 

X*  =  64 

X  —  8  inches  distance. 


If  J  skin  unit  were  desired,  using  the  same  factors,  what  distance 
would  be  required? 


2^X  6X3       ^iw??^^ 
X»  *  64  64 

Therefore 

36  9 

X«       "     64 

y 
X      =     16  inches. 

If  the  milliamperage  is  changed  from  3  to  2  the  result  will  be: 

2X3X4  24      ^     64 

=     t;      X     —      =     1  skin  unit. 


8X8  64  36 


If  the  operator  finds  it  more  convenient  to  employ  2  milliamperes,  a 
0-inch  gap,  and  a  distance  of  8  inches,  how  much  time  will  be  required 
for  the  administration  of  1  skin  unit? 


hence, 


2  X  6  X  T  ^    , .        .  36 

,  —   .  —      =      1  skin  unit      =     — - 
8X8  64 


T      =      —      X     — ■      =     3  minutes. 
64  12 


From  such  a  fonnula  it  is  possible  to  compute  a  dose  chart  giving  the 
time  factor  for  a  dose  of  any  size  (Chart  12  p.  144). 
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Readings  and  Arithmetical  Computation. — Mathematical  esti- 
mation, based  on  pastille  reading,  has  been  worked  out  only  for  the 
so-called  skin  unit  (Hi  S.D.)  and  for  the  maximum  epilating  dose 
(Hi  J  S.D.).  It  is  not  advisable  to  employ  this  method  for  larger  doses 
without  clearly  understanding  that  such  doses  \*ill  not  correspond 
with  pastille  readings  on  the  Holzknecht  radiometer.  The  follo\*ing 
is  offered  as  an  example:    The  formula 

3  X  3X5 
8  X  8 

will  provide  an  er^'thema  dose  (Hi}  S.D.)  as  proved  by  pastille  reading 
and  by  the  effect  on  the  skin.  Now,  if  the  time  is  doubled,  other 
factors  remaining  unchanged,  it  can  be  assumed  that  double  the 
amount  ot  radiation  has  reached  the  skin  and  in  all  probability  the 
biological  result  is  twice  as  great.  The  pastille,  however,  does  not 
assume  tx^ice  as  much  color  or  at  least  it  will  not  register  H2^  on  the 
Holzknecht  radiometer.  In  other  words,  if  A^-ith  given  factors,  it 
requires  five  minutes  to  color  a  pastille  from  zero  to  1  on  the  Holzknecht 
instrument  it  vn\\  require  more  than  ten  minutes  to  have  the  pastille 
register  2  oh  the  same  scale.  In  expressing  dosage,  therefore,  it  is 
advisable  to  explain  exactly  what  has  been  done.  H2  at  skin  distance 
signifies  that  a  single  pastille  has  been  colored  from  zero  to  2.  This  is 
a  larger  quantity  than  two  skin  units. 

The  reason  for  this  difference  is  because  the  pastille,  as  it  assumes 
color,  becomes  less  sensitive.  It  obeys  the  laws  (stated  supra)  fairly 
well  up  to  Hi}  S.D.,  after  which  it  fails  to  follow  the  time  law. 

Milliampdre-minutes. — Not  infrequently  roentgenologists  find  it  con- 
venient to  combine,  by  multiplication,  the  tube  current  in  milliamperes 
and  the  time  in  minutes  and  express  dosage  in  terms  of  milliampere- 
minutes.  But  it  must  be  clearly  understood  that  the  numl^er  of  milli- 
ampere-minutes  allowable  varies  with  the  spark  gap  and  the  distance. 
The  standard  formula  used  in  this  chapter — 

^  >^3  X  4 

8X8 

— expressed  in  milliampere-minutes  would  read:  Sp.  G.  3,  1).  S, 
Ma-Min.  12.  The  milliampere-minutes  may  be  split  in  any  manner 
so  long  as  the  product  is  the  same:  1  Ma.  for  twelve  minutes;  12  ma. 
for  one  minute;  6  ma.  for  two  minutes,  etc. 

Acc*onling  to  the  work  of  Pfaliler  and  others,  on  a  o-inch  gap  the 
number  of  milliampere-minutes  required  for  a  full  erjthenia  dose  at  a 
distance  of  20  inches,  allowing  no  factor  of  safety,  will  be  about  ()0, 
without  filtration.  P^xpressed  differently,  5  Ma.,  o-inch  Sp.  G.,  20 
inches  skin  target  distance  and  twelve  minutes  will  almost  certainly 
provoke  an  ervlhema.  If  this  formula  is  divided  by  tiie  standard 
pastille  formula  the  result  is  as  follows: 

5  X  5  X  12      300   ^  64      ..  •       ^.  „      ^^,  „ 

X  —  =  IJskm   -  5J  H.   =  103  X. 


20  X  20       400      36 
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The  maximum  epilating  dose  for  scalp  hair,  unfiltered,  is  Hl|  at 
skin  distance;  Hi  S.I).,  will  usually  suffice.  The  erythema  dose  for 
the  skin  may  range  from  Hf  S.D.  to  nearly  H2  S.l).,  depending  upon 
age,  location  and  other  conditions,  but  it  is  usually  regarded  as  being 
about  Hi  S.D.  or  Hi  J  S.D.  The  above  formula  was  published  as  the 
limit  of  safety  in  unfiltered  diagnostic  work.  It  would  seem  preferable 
to  limit  the  exposure  to  Hf  (about  30  milliampere-minutes  with  the 
above  formula)  providing  one  does  not  desire  an  erythema.  In 
filtered  work  and  in  unfiltered  work  where  a  first  degree  reaction  is  of 
no  consequence,  larger  amounts  may  be  administered. 
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CHAPTER  X. 

PRACTICAL  ROENTGEN-RAY  TECHNIC  (UNFILTERED). 
TECHNIC  FOR  THE  BEGINNER. 

It  is  assumed  that  the  beginner  has  studied  the  preceding  chapters, 
that  he  has  installed  reliable,  modem  apparatus  and  instruments,  and 
that  he  is  now  ready  to  establish  a  working  technic  for  practical  thera- 
peutic purposes.  We  have  to  consider,  from  a  purely  practical  stand- 
point, three  possible  technics,  namely,  indirect,  direct  and  a  combina- 
tion of  the  two. 

INDIBECT  TECHNIC. 

In  a  preceding  chapter  we  reviewed  the  arithmetical  determination 
of  dosage.  We  saw  that  this  arithmetical  method  was  based  upon 
nwiiometric  standardization  and  skin  effects  together  with  certain/ 
^ell-established  laws  relative  to  the  following  essential  technical 
factors:  milliamperage,  voltage,  time  and  distance.  It  is  obvious  that 
the  first  step  in  the  so-called  indirect  technic  is  to  decide  upon  the 
factors  for  routine  work.  These  may  be  anything  the  operator  desires. 
But  it  is  ad\isable  to  employ  factors  that  are  easily  and  quickly  obtain- 
^  and  that  will  supply  the  desired  dose  in  a  reasonable  time — neither 
too  slowly  nor  too  rapidly.  Very  slow  and  very  rapid  work  is  more  con- 
fusing and  less  accurate  than  is  a  sensible  point  between  the  extremes- 
A  technic  that  will  administer  an  erythema  or  epilating  dose  in  three  or 
'our  minutes  is  satisfactory  for  routine  work. 

In  routine  work  the  author  has  used  the  following  factors  for  several 
years; they  have  been  found  reliable  and  convenient:  milliamperes,  2; 
Wk  gap,  6;  time,  three  minutes;  distance,  S  inches.  This  formula 
^'give  1  skin  unit  and  may  be  expressed  mathematically,  thus: 

2X6X3 

„   -    _    -       =     1  skin  unit      =     4  H. 
o  X  o 

from  this  formula  it  is  possible  to  compile  a  chart  in  which  the 
^dard  doses  are  obtained  by  changes  in  time,  all  other  factors  re- 
Diaining  constant.     Chart  12  supplies  this  information. 

To  obtain  milliamperage  and  voltage  proceed  as  follows:     Place  the 

'^control  (rheostat  or  autotransfonner)  on  the  first  button  (resist- 

*^cein  circuit).    Do  the  same  with  the  filament  control.    Set  the  spark 

^P  at  6  inches.    Close  the  filament  switch  and  be  certain  that  the 

*j«Dient  is  heated.    Close  the  a:-ray  switch.    Current  will  now  pass 

"|Jt)ugh  the  tube  and  a'-rays  will  be  i)roduced.      The  milliammeter 

^  register  perhaps  1  ma.  or  less.     Sparks  will  probably  not  jump 

^^<*08sthe  spark  gap.    Increase  the  filament  current  until  the  milliam- 

^ter  (not  the  ammeter  in  the  filament  circuit)  records  2  Ma.     Now, 

during  the  operation  of  the  tube,  advance  the  handle  on  the  main 

^trol  from  button  to  button  until  sparks  jump  across  the  gap.    The 
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mill iaiii meter  will  now  register  over  2  Ma.,  possibly  2\  Ma.  Reduce  the 
filament  current  until  the  miliiammeter  reads  2.  If  sparking  across  the 
gap  is  too  ^'igorous  move  the  main  control  back  one  button.  In  other 
words  continue  to  adjust  the  two  controls  until  2  Ma.  and  a  6-inch  gap 
are  obtained.  After  these  two  factors  have  been  established  they  must 
be  maintained  throughout  the  exposure.  With  the  main  control  in  the 
same  position  one  factor  will  probably  not  change  unless  the  other  does. 
If  milliamperage  increases  the  spark  gap  will  become  shorter  and  vice 
tersa.    Therefore  all  that  is  necessary  is  to  hold  milliamperage  by 
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adjustment  of  the  filament  control.  It  is,  however,  advisable  to  also 
watch  the  spark  gap  and  if  it  increases  or  decreases  without  apparent 
change  in  milliamperage,  the  correction  can  be  made  by  a  slight  read- 
justment of  the  two  controls  without  interrupting  the  exposure. 

Points  on  either  control  or  on  the  filament  ammeter  must  not  be 
considered  as  "  constants"  as  thej-  will  vary  with  conditions— atmos- 
pheric variations,  changes  in  line  voltage,  condition  of  brushes,  etc. 
The  main  thing  thus  far  is  to  appreciate  that  every  time  a  treatment 
is  to  be  g^ven  the  controls  are  to  be  adjusted  so  as  to  give  Ma.  2, 
Sp.  G.  6  and  then  these  two  factors  are  to  be  maintained  during  the 


INDIRECT  TECHNIC  145 

entire  exposure.    To  avoid  ionization  of  the  air  in  the  room  with  con- 
sequent changes  in  conductivity  suitable  ventilation  should  be  provided. 
The  question  naturally  arises  as  to  whether  or  not  a  given  indirect 
technic  with  one  outfit  will  give  the  same  result  with  another  apparatus 
of  the  same  type  but  different  manufacture.    The  answer  is  that  there 
is  surprisingly  little  difference  between  the  various  makes  of  modern 
apparatus  in  this  respect.    The  relation  between  milliamperage  and 
voltage  is  practically  the  same  in  all  reliable  interrupterless  trans- 
formers.   While  the  break-over  spark  is  not  quite  the  same  in  all 
transformers  yet  it  is  doubtful  if  the  variation  is  sufficiently  great  to 
^e  any  practical  difference.    Observers  vary  somewhat  in  their 
^mation  of  what  constitutes  a  spark  gap.    Some  are  satisfied  with  an 
efflu\^  at  the  terminals  while  others  demand  a  constant  stream  of 
sparks.   On  account  of  possible  differences  in  the  output  of  apparatus 
of  various  makes  coupled  with  confusion  relative  to  what  constitutes 
*  spark  gap  and  the  possibility  of  the  milliammeter  giving  a  faulty 
'^^ing,  the  novice  is  encouraged  to  test  the  technic  by  the  pastille 
or  photographic  method  or  by  skin  effects,  preferably  the  last,  before 
^Dainistering  the  ir-rays  therapeutically. 

In  this  connection  the  author  has  tried  the  indirect  technic  as  out- 
J"^  in  this  chapter  on  several  different  interrupterless  transformers 
"^ni  the  same  manufacturer  and  on  similar  apparatus  from  several 
other  manufacturers.  There  was  not  enough  difference  to  be  detected 
oy  pastille  measurement. 

»^uming  that  the  operator  has  tested  his  apparatus  it  may  be  stated 

^^  a  standardized  indirect  technic  is  reliable  on  any  interrupterless 

^^sformer  and  that  such  technic  may  be  handed  from  one  operator  to 

*^other.    With  such  technical  standardization  it  becomes  possible  for 

*  patient  to  travel  from  city  to  city  and  to  receive  the  same  dose  in  the 

^^  manner  in  each  place.    In  order  to  obviate  confusion  as  to  just 

^'"at  is  meant  by  standard  modern  apparatus  the  following  requisites 

*!^, given:     (1)  Closed  magnetic  circuit  interrupterless  transformer 

^^^H  a  rectified  current,  with  rheostat  or  autotransfonner  control 

(usually  the  former).     (2)  Coolidge  tube  with  filament  circuit  from  a 

^'^  battery  or  step-down  transformer  (usually  the  latter)  and  a 

fl^^^k  acting  and  finely  graded  control.    In  the  case  of  a  steixlown 

^sformer  the  control  usually  consists  of  a  choke  coil.     (3)  a  suitable 

^nducting  system  for  the  high-tension  current  and  a  correctly  reading 

^ffiammeter. 

lime. — ^The  time  factor  should  be  judged  by  means  of  a  stop-watch. 
*^  the  exposure  is  interrupted  for  any  reason — refractory  j)atient; 
^uble  with  apparatus — the  number  of  seconds  already  utilized  must 
*^  accurately  determined  and  recorded. 

Distance. — ^An  error  in  distance  will  have  a  profound  effect  on  dosage. 
*tmust  be  borne  in  mind  constantly  that  intensity  varies  inversely  as 
^€  square  of  the  distance  and  that,  therefore,  if  the  distance  should  be 
^'^cpeased  one-half  the  dose  would  be  increased  four  times.  By  the 
^^  "distance"  is  meant  the  number  of  inches  between  the  target  and 
^  akm.    To  establish  this  factor  it  is  first  necessarv  to  ^cv^«L?^\\:^  \3cv^ 

10 
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circumference  of  the  tube  from  which  the  diameter  and  radius  may  be 
estimated.  If,  for  instance,  the  circumference  is  22  inches  the  diameter 
will  be  7  inches  (7.0088  in.)  and  the  radius  3^  inches.  To  obtain  a  skin 
target  distance  of  8  inches  cut  a  piece  of  wood  to  exactly  4^  inches  and 
adjust  the  tube  so  that  one  end  of  the  measuring  stick  touches  the  wall 
of  the  tube  while  the  other  extremity  touches  the  lesion.  Inasmuch 
as  the  circumference  of  different  tubes  varies  it  is  advisable  for  the 
operator  to  measure  each  tube.  If  the  circumference  should  be  21  i 
instead  of  22  inches,  the  radius  would  be  3.4  instead  of  3.5  inches  and, 
to  be  exact,  the  measuring  stick  should  be  4.6  instead  of  4.5  inches. 

In  establishing  distance  it  is  important  that  the  measuring  stick 
touch  the  glass  wall  of  the  tube  at  the  equator  directly  under  the  anode 
and  also  the  skin  directly  in  the  center  of  the  lesion.  It  seems  super- 
fluous to  add  that  the  distance  must  be  accurately  maintained  during 
the  entire  exposure.  But  it  is  carelessness  in  this  regard  that  causes 
many  of  the  errors  of  roentgen  therapy.  It  often  happens  that  the 
part  moves  a  little  closer,  or  a  little  farther  away,  or  a  little  to  one  side, 
without  attracting  the  attention  of  the  operator.  The  author  on  one 
occasion  found  that  the  tube  holder  had  slid  down  the  stand  so  that  the 
skin-target  distance  was  reduced  from  8  to  6  inches.  One  must  be 
cognizant  of  these  possibilities  and  guard  against  them.  The  tube  and 
tube  holder  should  be  firmly  fixed.  The  patient  must  understand  the 
necessity  of  maintaining  position  and  even  with  the  patient's  coopera- 
tion the  operator  or  the  assistant  should  watch  the  part  for  motion. 
To  insure  against  change  of  position  some  operators  employ  a  small 
rubber  suction  cup  which  is  fastened  to  the  wall  of  the  tube  from  which 
is  suspended  a  string  8  inches  long  at  the  lower  end  of  which  is  attached 
a  small  ball  made  of  soft  wood  and  which  comes  in  contact  with  the 
skin.  Another  device  consists  of  a  tube-stand  equipped  with  adjust- 
able pegs  of  soft  wood.  Finally,  the  part  to  be  treated  can  be  securely 
fixed  by  the  use  of  sandbags,  roller  bandages,  etc. 

DIRECT  TECHNIC. 

As  was  explained  in  a  previous  chapter,  the  so-called  direct  method 
consists  of  estimating  the  quantity  of  rays  reaching  the  skin  by  means  of 
a  radiometer — pastille  or  photographic.  It  means  that  every  dose  of 
j'-rays  administered  is  measured  either  by  means  of  a  pastille  or  a 
photographic  strip.  The  methcxl  has  its  advantages:  It  is  not  neces- 
sary to  maintain  a  constant  distance.  It  makes  no  difference  if  the 
part  moves  nearer  or  farther  away  excepting  that  the  time  required  to 
color  the  pastille  will  be  modified  accordingly.  Any  combination  of 
milliamperage  and  voltage  is  allowable.  Fluctuation  in  voltage  or 
current  will,  like  change  in  distaiur,  simply  modify  the  length  of  time 
required  to  obtain  the  desired  alteration  in  the  color  of  the  pastille. 
Mathematical  errors,  mechanical  errors,  etc.,  may  be  disregarded. 
The  point  to  emphasize  is  that  one  depends  entirely  upon  the  pastille 
or  photographic  strip  and  regardless  of  the  factors  employed  the 
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exposure  is  not  terminated  until  the  dose  is  registered  by  the  radio- 
meter. It  is  often  difficult  for  the  student  to  appreciate  the  fact  that 
\*ith  pastille  measurement,  insofar  as  concerns  erythema,  the  effect  of 
Hlj  S.I),  will  be  the  same  regardless  of  the  quality. 

Lateral  motion  must  be  avoided  because  it  is  necessary  that  the 
pastille  be  placed  in  the  center  of  the  lesion  and  directly  under  the 
target.  Care  must  be  taken  that  no  part  of  the  lesion  is  closer  to  the 
tube  than  is  the  pastille. 

It  is  inadvisable  to  attempt  direct  measurement  until  the  eye  has 
been  trained  to  quickly  detect  slight  tinctorial  changes.  To  avoid 
giving  a  larger  dose  than  was  intended  it  is  necessary  to  examine  the 
pastille  two  or  three  times  during  the  exposure.  Inasmuch  as  color  is 
lost  when  a  pastille  is  exposed  to  strong  artificial  light,  these  comparisons 
must  be  made  quickly — hardly  more  than  a  glance.  This  is  especially 
true  of  the  deeper  tints.  At  H2  a  pastille  will  lose  color  perceptibly 
in  one  or  two  minutes;  at  III  the  loss  of  color  is  very  much  slower.  For 
details  regarding  the  use  of  photographic  strips  see  Chapter  VI 
and  for  further  details  relative  to  pastilles  see  Chapters  VII  and  VIII. 

The  disadvantages  of  the  direct  method  are:  the  difficulty  of  obtain- 
ing reliable  radiometers,  pastilles  and  photographic  strips;  the  time 
required  to  train  the  eye  to  detect  slight  changes  in  tint  and  photo- 
graphic half-tones;  the  fact  that  most  radiometers  are  not  permanent, 
many  of  them  are  difficult  to  read  and  some  are  unreliable  even  when 
new;  necessity  for  care  in  preserving  pastilles  and  strips;  necessity  of 
developing  the  strips. 

Enumeration  of  practical  requirements  of  direct  method: 

1.  Pastilles  and  photographic  strips  must  be  in  perfect  condition  and 
should  match  the  zero  tint  of  the  radiometer. 

2.  Enclose  the  pastille  or  strip  in  a  black  envelope  and  attach  the 
envelope  to  the  center  of  the  lesion  directly  under  the  target  with  court 
plaster  or  a  very  small  piece  of  zinc  plaster.  If  not  securely  fastened 
the  envelope  and  contents  may  become  displaced  during  the  exposure. 
Make  certain  that  no  part  of  the  lesion  is  closer  to  the  skin  than  is  the 
pastille. 

3.  Avoid  lateral  motion  as  the  pastille  may  be  carried  out  of  the  field 
of  the  direct  beam  so  that  some  portion  of  the  lesion  might  receive  a 
larger  dose  than  is  recorded  by  the  pastille  or  strip. 

4.  Unless  one  knows  about  how  long  a  time  is  to  be  required  for  the 
exposure  it  is  necessary  to  compare  the  pastille  with  the  standard  scale 
several  times  during  the  exposure  to  insure  against  overdosing.  To 
prevent  loss  of  color  these  comparisons  should  not  endure  more  than 
ten  or  fifteen  seconds  each.  If  photographic  paper  is  used,  two  or 
three  strips  should  be  emj)loyed — two  arc  to  be  developed  at  different 
stages  of  the  exposure  and  one  left  to  record  the  full  dose. 

5.  Milliamperage,  voltage  and  distance  can  l)e  anything  the  operator 
desires.  Fluctuations  in  current,  in  voltage,  and  changes  in  distance, 
while  not  desirable,  can  be  ignored  so  far  as  concerns  safety.  One 
depends  entirely  and  solely  upon  the  pastille  reading. 
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Half  Distance  and  Skin  Distance. — ^These  two  terms  have  caused  a 
great  deal  of  confusion.  All  pastille  radiometers,  with  the  exception  of 
the  ones  devised  by  Corbett  and  Hampson  were  originally  used  with  the 
pastille  placed  exactly  half  way  between  the  anode  and  the  skin.  This 
was  done  because  at  half  distance  the  pastille  acquires  more  color  than 
at  skin  distance  and  it  was  thought  that  the  deeper  tints  were  more 
readily  compared  than  were  the  paler  tints.  Hampson  was  the  first 
to  call  attention  to  the  full-distance  position.  With  the  pastille  on  the 
skin  it  acquires  4  times  less  color  than  when  placed  at  half  distance  and 
to  obtain  a  reading  in  H  units  (which  are  estimated  at  one-half  distance) 
the  reading  must  be  multiplied  by  four.  With  the  pastille  on  the  skin 
the  dose  is  read  in  skin  units  or  H  units  at  skin  distance  and  regardless 
of  the  distance  between  the  target  and  the  skin  (pastille)  the  reading  must 
be  multiplied  by  four  for  conversion  into  H  units.  To  make  this  perfectly 
clear  the  reader  must  first  bear  in  mind  the  law:  intensity  varies 
inversely  as  the  square  of  the  distance.  Now,  with  the  pastille  on  the 
skin  and  a  skin-target  distance  of  8  inches,  assume  the  dose  to  be  HI. 
A  pastille  placed  at  half  distance  (4  inches  from  target  and  4  inches 
from  skin)  will  register  H4.  This  explanation  holds  for  any  skin- 
target  distance. 

Full  distance  has  many  advantages  over  half  distance.  Contrary 
to  what  has  been  taught  in  the  past,  the  deeper  orange  tints  are  com- 
pared vdth  greater  difficulty  and  less  accuracy  than  are  the  paler  tints. 
The  deeper  colors  fade  more  rapidly  than  do  the  lighter  tints  when 
exposed  to  moisture  and  light.  It  is  exceedingly  difficult  to  maintain 
the  half  distance  position.  Not  only  are  mechanical  difficulties 
encountered,  but  the  slightest  movement  of  the  part  under  treatment 
will  give  rise  to  an  error  in  dosage.  At  half  distance  it  is  not  possible 
to  place  the  tube  close  to  the  skin  because  the  pastille  will  be  too  near 
the  glass  wall  of  the  tube,  and  may  be  aflFected  by  the  heat  of  the  target. 

COMBINED  TECHNIC. 

This  consists  of  utilizing  the  indirect  method  and  employing  either 
a  pastille  or  a  photographic  strip  as  a  control.  PrcAious  to  the  advent 
of  modern  apparatus  and  instruments  it  was  the  best  technic  because  it 
combines  the  advantages  of  both  methods  and  eliminates,  as  far  as  is 
practicable,  all  possibility  of  error.  The  disadvantages  and  inaccuracies 
of  one  are  compensated  to  a  large  extent  by  the  advantages  and 
accuracies  of  the  other. 

It  is  not  possible  to  measure  less  than  H  J  S.I).  (Hi)  with  a  pastille, 
so  for  fractional  doses  of  less  than  this  amolmt  it  is  necessary  to  depend 
upon  the  indirect  technic,  the  photographic  method,  or  a  combination 
of  the  two. 

POSSIBLE  SOURCES  OF  ERROR. 

Indirect  Technic. — 1.  l^nsteady  current.  This  may  be  due  to  un- 
avoidable voltage  fluctuations  in  the  main;  the  capacity  of  the  main 
may  be  too  small;  it  may  be  influenced  by  alternate  light  and  heavy 
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loads  in  other  parts  of  the  building;  dirty  or  worn  brushes  and  short 
circuits;  poor  connections  in  the  filament  circuit  or  an  unsteady  filament 
supply. 

2.  Inaccurate  milliammeter  and  kilovoltmeter.  Differences  in  esti- 
mating spark-gap  lengths. 

3.  Possible  variations  in  the  break-over  spark  in  apparatus  of 
different  makes. 

4.  Arithmetical  errors. 

5.  I^eakage  in  the  secondary  circuit. 

6.  Failure  to  obtain  and  maintain  the  4  important  factors — milliam- 
perage,  voltage,  time  and  distance. 

7.  Assumption  that  H2  S.D.  and  two  epilating  or  erythema  doses  are 
the  same  (see  page  141). 

Direct  Technic. — 1.  Inaccurate  radiometer. 

2.  Inaccurate  pastilles. 

3.  Very  long  treatments  (one-half  hour  or  more)  in  excessively  moist 
climates. 

4.  Exposure  of  the  pastilles  to  daylight  or  artificial  light  during  the 
exposure.  Exposure  for  too  long  a  time  to  artificial  light  during  the 
reading  of  the  pastille. 

5.  Failure  to  place  the  pastille  in  the  center  of  the  part  to  be  treated 
and  directly  under  the  anode;  or  in  a  depression  so  that  some  part  of 
the  lesion  is  closer  to  the  tube  than  is  the  pastille;  or  failure  to  fix  the 
pastille  or  photographic  strip  to  the  lesion.  Lateral  movement  of  the 
lesion. 

6.  Inability  to  detect  slight  changes  in  tint  or  shades. 

7.  Overdosing  due  to  failure  to  read  the  pastille  or  strip  during  the 
exposure;  or  failure  to  employ  the  check  or  control  offered  by  the  indirect 
technic. 

8.  Poor  judgment.  The  proper  dose  must  be  selected  for  the 
individual  case. 

9.  Faulty  photographic  technic,  or  use  of  photographic  paper  that 
has  not  been  standardized  or  paper  that  is  too  old. 

Technic  Advised  by  the  Author. — It  is  a  pleasure  to  say  that  direct 
technic  is  no  longer  necessary.  It  is  assumed  that  the  reader  will 
use  a  rectified  high-tension  current  from  an  interrui)terless  trans- 
former of  standard  type  with  closed  magnetic  circuit,  to  operate  an 
ordinary  Coolidge  tube.  Under  these  conditions  the  novice,  in  unfil- 
tered  work,  is  urged  to  be  guided  entirely  by  Chart  12  (Chapter  IX). 
The  technic  as  represented  by  this  chart  is  accurate  and  the  operator 
need  have  no  fear.  A  copy  of  the  chart  should  be  pasted  on  the  wall 
close  to  the  switches  and  controls.  The  doses  given  in  the  chart  are 
standard  amounts  and  they  have  been  tested  by  many  men  over  a 
period  of  several  years.  It  is  hnportant  to  realize  that  the  figures  rep- 
resent maximum  amounts.  That  is,  IIlJ  S.I),  is  exactly  HU  S.I), 
and  must  not  be  exceeded  by  a  fraction. 

More  experienced  operators  may  desire  to  vary  the  teclinic.  They 
may,  for  various  reasons,  wish  to  use  more  current,  or  longer  or  shorter 
wave  lengths.  If  so  they  may  be  guided  by  the  chapter  dealing  with 
arithmetical  computation  (Chapter  IX). 
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The  Margin  of  Safety. — In  the  chapter  on  idiosyncrasy  information 
will  be  found  relative  to  the  sensitiveness  of  the  skin  of  various  parts  of 
the  body,  in  indi\dduals  of  various  ages,  in  blonds  and  brunettes,  of 
skin  that  has  been  modified  through  the  agency  of  di^ase,  by  the 
action  of  irritating  and  stimulating  local  applications,  etc.  These 
factors  all  have  an  important  bearing  on  the  so-called  margin  of  safety. 
But  ignoring  these  for  the  moment  and  considering  only  the  question 
of  technic,  is  the  latitude  of  safety  sufficient  to  compensate  the  possible 
error  in  technic?  All  that  is  required  in  practical  work  is  a  reasonable 
degree  of  accuracy.  Slight  errors,  even  with  the  best  technic  in  the 
most  experienced  hands,  cannot  be  avoided  with  the  present  practical 
methods  of  producing,  controlling  and  measuring  the  a:-rays.  Fortu- 
nately, the  margin  of  safety  oflFers  a  latitude  sufficiently  great  to  com- 
pensate unavoidable  inaccuracies.  The  question  can  be  discussed 
arithmetically.  The  most  accurate  work  is  required  in  depilating  scalp 
hair  for  the  cure  of  ringworm  and  favus  of  the  scalp.  It  requires  HI 
S.D.  to  effect  a  defluvium,  but  Hi  J  S.D.,  may  be  applied  with  perfect 
safety.  Anything  over  this  amount  may  provoke  an  er>i:hema  and 
lead  to  permanent  alopecia.  We  have,  then,  a  latitude  of  at  least  \ 
skin  unit  for  the  scalp  epilating  dose.  An  experienced  operator, 
with  modern  apparatus,  finds  no  difficulty  in  confining  the  possible 
error  to  this  amount.  The  margin  of  safety  is  even  greater  when 
dealing  with  the  skin.  One  skin  unit  is  likely  to  cause  an  erythema, 
but  it  requires  at  least  double  this  dose  to  effect  a  reaction  of  the 
second  degree  and  2\  to  8  skin  units  to  cause  a  third  degree  reaction. 
Here,  indeed,  is  a  big  margin  of  safety  insofar  as  concerns  second  and 
third  degree  reactions. 

Training. — The  beginner  should  not  be  in  a  hurry  to  treat  patients. 
After  the  installation  of  modern  apparatus  and  instruments  one  should 
practice  manipulating  the  controls  and  obtaining  the  **  constants.'' 
After  becoming  acquainted  with  the  apparatus  and  technic  it  is  a  good 
idea  to  expose  a  photographic  plate  to  the  doses  shown  in  (^hart  12. 
By  suitable  protection  with  black  paper  and  lead  it  is  possible  to  make 
all  the  exposures  on  one  plate  in  such  manner,  that  after  development 
there  will  be  a  series  of  graded  half-tones  or  shadows  representing  the 
various  doses.  Finally  very  small  areas  (split-pea-sized)  of  normal 
human  skin  should  be  exposed  to  the  various  amounts  from  W\  S.D. 
to  HlJ  S.I).  After  acquiring  confidence  it  is  advisable  to  cautiously 
apply  fractional  doses  to  disease  before  attempting  intensive  treatment. 
The  first  attempts  at  intensive  or  hyperintensive  treatment  should  be 
in  cases  of  epithelioma. 

Records. — It  is  important  to  preserve  a  record  of  every  case.  Every 
roentgenologist  will  compile  a  history  card  and  index  system  best 
suited  to  his  individual  requirements.  Instead  of  a  card  the  author 
prefers  a  sheet  of  fairly  heavy  paper  folded  so  as  to  make  four  ])ages. 
The  dimensions,  after  folding,  are  S|  x  11  inches.  This  is  kept  in  a 
manilla  envelope  and  filed  in  an  ordinary  letter  file.  The  first  page 
deals  with  the  history  of  the  patient  while  the  three  remaining  pages 
record  the  treatments  and  observations.    The  first  and  second  pages 


POSSIBLE  SOURCES  OF  ERROR 


151 


of  this  history  chart  are  herewith  appended.  The  third  and  fourth 
pages  are  identical  with  the  second.  The  histories  are  indexed  by  the 
name  of  the  patient  and,  in  addition,  it  is  advisable  to  have  a  cross- 
index  by  diseases,  using  for  this  purpose  a  li  x  5  card. 


First  Page. 


Name:     Mr.  John  Smith. 


Address:     402  Madison  Avenue,  N.  Y.  City. 

Referred  by:     Dr.  R.  R.  Jones,  212  West  144th  St..  N.  Y.  City. 


Date:     SeptcmJier  7,  1914. 
Occupation:     Broker. 


Age:     56. 
Nationality:     U.  S.  A. 


Mar.: 


Sing.. 


Blond: 


Wid. 


Brunette: 


Duration  of  present  eruption:     6  years. 
Size:     Dime. 


Of  disease:     6  years. 
Photograph  No.:     806. 


Location — Distribution:     Onter  of  left  cheek. 

Diagnosis:     Epithelioma  (Basal  cell). 

Family  History:     Negative. 

Past  history:  Very  slow  evolution.  Has  (crown  more  rapidly  during  past  six  months. 
Lesion  has  never  been  treated  except ing  with  mild  ointments. 

Laboratory  findings:  Small  piece  of  lesion  examined  in  skin  department  of  Vanderbilt 
Clinic  shows  anatomical  structure  of  basal-cell  epithelioma.     Biopsy  No.  1,  220. 

Present  Condition:  Lesion  consists  of  a  hard  mass,  elevated  }  inch.  Margin  is  composed 
of  semi-translucent  nodules.  Center  is  cnistcKi.  Crust,  when  removed,  shows 
underlying  necrosis. 

Second  Page. 


Date. 


Formula. 


Filter. 


AreaH. 


Doae. 


Remarks. 


Sept.    7,  1914 


Sept.  25,  1914 


Nov.    7,  1914 


2X7X8 
8  X  8 


Jan.  15,  1915 


Jan.  22.  1918 


2  X_7  X  5 

8X8" 


None 


None 


Lesion 
and  sur- 
rounding 
skin 


Same  as 
lx»fon» 


H2  S.D. 


Hll  S.D. 


Curettage  under  co- 
caine: skin  for  \  inch 
outside  of  lesion 
treated. 

Mild  second  degree  re- 
action: wet  dressing 
of  aluminium  acetate. 

Healing  is  complete; 
reaction  ha.")  disap- 
ap|x»ared ;  no  evidence 
of  epithelioma:  pn)- 
phylactic  treatment. 

Krythema  after  last 
treatment  which  last- 
ed one  week;  <'linical 
cure. 

.\o  return  of  epitheli- 
oma; no  s<*(iuela»;  al- 
most imperceptible 
s<'ar;  photograph  \o. 
870. 


CHAPTER  XI. 
FILTERED  ROENTGEN-RAY  TECHNIC. 

Before  studying  this  chapter  the  student  is  advised  to  read  the 
chapter  on  general  physics  and  also  the  chapters  dealing  with  unfiltered 
roentgen-ray  technic. 

Absorption. — The  word  penetration  is  used  to  denote  the  ability  of 
roentgen  rays  (and  radium  rays)  to  pass  into  and  through  material 
that  is  impervious  to  light.  It  is  preferable  to  visualize  this  character- 
istic in  terms  of  absorption  rather  than  as  penetrability.  In  passing 
through  matter  some  radiation  is  lost  by  absorption,  and  some  is  lost 
by  scattering.  The  emerging  beam  is  composed  of  secondary'  radiation, 
scattered  radiation  and  the  remainder  of  the  original  primary  beam — 
hence  the  word  penetration. 

Absorption  depends  upon  several  factors.  Rays  of  comparatively 
long  wave  lengths  ("soft  rays*')  are  more  readily  absorbed  than  are 
those  of  short  wave  length  ("  hard  rays")-  Absorption,  also,  is  roughly 
in  proportion  to  the  density  of  the  material  through  w^hich  the  radiation 
passes  and,  of  course,  varies  w^ith  the  thickness  of  this  material. 

Reduction  of  Intensity. — Reduction  of  intensity  of  initial  radiation 
depends  upon  two  factors:  (1)  The  composite  radiation  spreading 
out  from  a  small  source  decreases  in  intensity  inversely  as  the  square  of 
the  distance  (page  40).  (2)  Reduction  of  intensity  of  radiation  pass- 
ing into  or  through  matter  is  due  to  absorption  and  this  absorption 
depends  upon  the  wave  length  considered  and  on  the  density  of  the 
absorbing  material.  There  is  also  a  certain  loss  of  intensity  by 
scattering,  such  loss  being  difficult  to  estimate.  There  is  no  loss  of 
intensity  through  absorption  by  air  for  distances  used  in  practice. 
Furthermore,  there  is  no  change  in  quality  (wave  length)  by  distance. 
Ethereal  waves  in  vacuum  travel  unchanged  indefinitely  unless 
obstructed  by  matter  of  sufficient  density  to  effect  absorption.  There- 
fore, distance  is  not  a  filter. 

The  eflFect  of  wave  length  and  density  on  absorption  must  be  clearly 
understood.  For  a  given  substance  absorption  will  depend  upon  wave 
length  (page  42).  The  absorption  of  each  wave  length  follows  an 
exponential  law,  i.  ^.,  successive  layers  of  like  thickness  of  a  given 
material  will  absorb  the  same  fraction  of  radiation  received  on  its 
proximal  surface.  Thus,  if  1  mm.  of  aluminium  cuts  down  initial 
intensity  50  per  cent,  the  second  millimeter  will  reduce  intensity  to 
25  per  cent.,  the  third  millimeter  to  12^  per  cent.,  and  so  on.  This 
rule  ignores  loss  of  intensity  by  distance,  but  such  loss  is  negligible  for 
a  few  millimeters  of  absorbing  material  because  the  source  of  radiation 
is  usually  at  a  distance  of  several  inches  (page  41). 
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It  is  important  to  note  (page  4.3)  that  the  proportionate  rate  of 
absorption  for  a  given  material  in  the  case  of  rays  of  long  wave  length 
is  very  much  greater  than  for  those  of  short  wave  lengths. 

The  radiation  from  every  roentgen  tube  is  heterogeneous — composed 
of  rays  of  difTerent.  wave  lengths.  The  wave  length  varies  with  the 
voltage.  Radiation  from  a  tube  operated  at  a  9-inch  spark  gap  will 
contain  rays  of  shorter  wave  length  than  vAW  radiation  from  the  same 
tube  operated  at  a  3-inch  spark  gap.  But  in  either  instance  the  com- 
posite bundle  of  rays  is  heterogeneous. 

When  this  heterogeneous  radiation  passes  through  successive  layers 
of  aluminium  of  equal  thickness  absorption  will  not  be  exponential. 
At  low  voltage  most  of  the  radiation  consists  of  long  wave  lengths.  A 
very  large  part  of  such  radiation  will  be  absorl>ed  by  the  first  few 
millimeters  of  aluminium,  very  little  being  left  for  absorption  by  the 
deeper  layers,  (^onversely,  with  high  voltage,  where  there  are  more 
short  waves  than  long  waves  there  vnW  be  a  more  uniform  absorption 
throughout  many  layers  of  aluminium.  Furthennore,  after  or-rays 
have  passed  through  from  4  to  0  mm.  of  aluminium,  the  radiation 
is  practically  homogeneous.  Absorption  of  such  radiation  will  be 
approximately  exponential. 

What  has  been  said  relative  to  absorption  of  radiation  by  aluminium 
is  true  for  human  tissue.  Ignoring  loss  of  intensity  by  distance  and 
the  fact  that  human  tissue  varies  somewhat  in  density,  absorption 
for  any  given  wave  length  follows  an  exponential' law.  The  author  is 
not  aware  of  any  accurate  experiments  that  have  been  made  to  deter- 
mine the  comparative  absorption  coefficients  of  animal  tissue  and 
aluminium  for  roentgen  rays  obtained  under  given  working  condi- 
tions. Perthes  found  that  absorption  by  most  animal  tissue  was 
about  the  same  as  water.  Using  water  as  the  absorbing  medium  he 
found  that  aluminium  is  from  seven  to  ten  times  as  effective  an  absorber 
of  ar-rays  as  is  animal  tissue.  But  as  pointed  out  by  (\)lwell  and  Russ 
this  is  nearly  three  or  four  times  as  much  as  its  density  would  suggest. 
It  would  seem  then  that  1  mm.  of  aluminium  will  absorb  about  the 
same  amount  of  radiation  as  will  be  absorbed  by  about  7  mm.  of 
average  animal  tissue.  The  amount  of  absorption  in  a  given  thickness 
of  aluminium  or  tissue  will  depend,  as  we  have  already  seen,  on  the 
wave  length.  About  50  per  cent,  of  a  70,(X)()  volt  radiation  (O-inch 
gap)  will  be  absorbed  by  3  mm.  of  aluminium  (Hull).  The  percentage 
^ill  be  less  for  a  9-inch  gap  and  greater  for  lower  voltage  (page  43). 

Filtration. — By  filtration  or  screening,  is  meant  the  interposition  of 
some  more  or  less  impervious  material  through  which  the  rays  must 
pass  before  reaching  the  surface  to  be  irradiated. 

Choice  of  Filtering  Material, — In  roentgen  therapy  all  sorts  of 
material  have  been  used  for  this  purpose.  Many  years  ago  Pfahler 
suggested  the  use  of  wet  sole  leather.  At  various  times  during  the 
evolution  of  deep  roentgen  therapy  different  roentgenologists  have 
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ad\ise(l  chamois,  felt,  aluminium,  lead  foil,  and  other  metals  and 
organic  substances. 

Aluminium  has  been  for  a  number  of  years  and  still  is  the  popular 
filter.  There  are  fairly  definite  reasons  for  this  popularity:  First, 
there  are  no  reports  of  radiodermatitis  resulting  -from  the  secondary' 
radiations  from  aluminium  even  when  the  metal  is  placed  in  contact 
with  the  skin.  In  this  connection,  Whiddington  has  detected  a  very 
'*soft"  type  of  secondary  radiation  from  this  metal  which  he  considers 
characteristic.  However,  there  is  no  e\idence  that  such  radiation  can 
cause  injury. 

Second,  aluminium  is  light  and  easily  handled.  It  can  be  obtained 
as  foil  in  thicknesses  of  0.1  mm.  Sheet  aluminium  \  mm.  or  1  mm. 
thick  can  be  cut  to  match  the  shape  and  size  of  the  diaphragm  of  the 
tube  stand.    A  number  of  such  discs  permit  light  or  heavy  filtration. 

The  low  density  of  the  metal  permits  the  use  of  greater  thickness, 
therefore  reducing  the  danger  of  error  when  measuring  thickness  or 
uniformity  of  thickness  of  the  filter. 

Table  I  shows  the  filtration  equivalents  for  various  absorbing 
materials  used  in  connection  with  *'  hard''  rays  (Salmond). 

Table  I.— FILTRATION  EQUIVALENTS  FOR  "HARD"  RAYS 

(SALMOND). 


Aluminium. 


Compressed 
paper. 


Tanned 
leather. 


ChamoiH 
leather.' 


Boiler  felt- 


Lead  acetate 
lint.« 


Sodium  tungB- 
tate  lint.' 


Mm. 
0.5 
1.0 
2.0 
3.0 


Mm. 
3 
7 

13 
17 


Mm. 

3 

7 

13 
16 


Mm. 
10 
18 
35 
59 


Mm. 
13 
30 
67 
97 


Layeru, 
1 
2 
4 
6 


Layers. 

2 

4 

8 

12 


Ordinary  glass  (soda-glass)  is  said  to  have  about  the  same  absorption 
coefficient  as  aluminium,  (ilass,  chamois,  felt,- leather  and  paper  do 
not,  so  far  as  is  known,  give  rise  to  injurious  secondary  rays. 

Object  of  FiUraihm. — Rays  emitted  by  a  roentgen  tube  are  filtered 
by  the  glass  wall  of  the  tube.  It  is  for  this  reason  that  there  is  very 
little  radiation  emitted  when  working  with  a  one-inch  spark  gap  as 
measured  by  practical  inetluxls  of  intensity  estimation.  Nevertheless, 
rays  emitted  by  a  roentgen  bulb  are  spoken  of  as  unfiltered.  The  glass 
wall  of  tlie  Coolidgc  tube  i.s  always  of  the  same  thickness,  (ireat  care 
is  used  to  i)revent  ditt'erences  in  thickness  and  composition  of  the  glass. 
Wertheim-Solomoiison  descTihes  a  ])ra('tical  niethcKl  of  estimating  the 
thickness  of  the  wall  of  a  roentgen  tube  which  may  be  of  interest  to 
those  desiring  to  detect  i)ossihle  variations  in  thickness.  (Ueferem*e 
at  end  of  chapter.) 

•  Known  :i.s  London  iK^ard. 

-  Hospital  lint  or  kuuzo  .soaked  in  a  siituratcMl  <olntion  ot  lead  acetato  and  allowiKl  to 
dry. 

^  (Janze  .siniilarlv  treated  with  .**odiuni  tungstate. 
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When  woricing  at  high  voltage  (9-iiich  gap)  the  radiation  is  said  to  be 
**hard/'  i.  f .,  it  contains  short  waves  that  are  not  easily  absorbed.  But 
it  will  be  recalled  that  no  matter  how  high  the  voltage  or  the  type  of 
tube,  the  beam  of  radiation  contains  "soft''  and  ** medium"  rays  that 
are  readily  absorbed  by  superficial  tissue. 

When  treating  any  but  very  superficial  lesions  it  is  often  desirable  to 
apply  a  lethal  dose  or  at  least  a  therapeutically  efficient  dose  to  the 
lowermost  part  of  a  thick  lesion,  or  to  a  subcutaneous  lesion,  with  as 
little  effect  on  the  more  superficial  tissues  as  is  possible.  It  is  not 
practicable  to  have  radiation  pass  through  superficial  tissue  without 
absorption,  but  it  is  possible  to  use  a  quality  of  radiation  that  is,  because 
of  its  penetrability,  more  equally  absorbed  throughout  a  given  depth 
(page  44).  The  more  penetrating  the  radiation  the  greater  will  be  this 
equalization  of  intensity  for  the  reason  that  successive  layers  of  super- 
ficial tissue  absorb  proportionately  less  than  with  less  penetrating  rays. 
A  filter  or  screen  of  sufficient  thickness  and  density  absorbs  all  but  the 
short  wave  lengths.  Such  radiation  is  therefore  more  homogeneous 
as  it  is  composed  only  of  rays  of  short  wave  length. 

It  should  be  clearlv  understood  that  filtered  ravs  are  not  more 
penetrating  than  are  unfiltered  rays  obtained  from  the  same  source. 
The  filter  does  not  shorten  the  wave  length  but  simply  removes  all  but 
the  short  wave  lengths.  Inasmuch  as  the  bulk  of  the  radiaticm  from 
a  tube  even  when  operated  at  high  voltage,  consists  of  "soft'*  ainl 
**  medium"  rays,  heavy  filtration  causes  an  enormous  reduction  of 
intensity,  but  this  loss  of  intensity  is  compensated  by  increased  time 
of  exposure.    The  loss  of  intensity  by  filtration  in  the  case  of  .r-rays 

•  is  not  as  annoying  as  with  radium.  In  the  former  it  is  possible  to 
compensate  by  time  of  exposure,  shortening  the  distance,  or  by  the  use 
of  high  amperage.  With  radium  it  is  necessary  to  use  more  of  the 
element  or  to  increase  enormously  the  time.  The  filtere<l  radiation 
from  a  Coolidge  tube  operate<l  at  high  voltage  and  say  5  milliamperes 
of  current  will  give  the  intensity  of  several  grams  of  radium  under  the 
same  conditions  of  filtration  (Eve;  Russ). 

This  is  true  only  for  comparatively  light  filtration.  Several  milli- 
meters of  lead  will  cut  down  the  intensity  of  the  roentgen  rays  to 
practically  nothing  while  it  requires  several  centimeters  of  lead  to 
eliminate  the  gamma  rays  of  radium. 

The  student  should  also  realize  that  even  heavilv  filtered  ravs  are 
absorbed  to  a  greater  extent  by  superficial  than  by  deep  tissue.  The 
difference  is  simply  that  the  proix)rtion  of  absorption  by  superficial 
tissue  is  less  for  short  wave  lengths  than  for  long  wave  lengths.  This 
is  repetition  but  the  subject  seems  to  be  so  difficult  for  the  begiimer  to 
grasp  that  reiteration  is  justifiable.  Loss  of  intensity  of  heavily  filtered 
rays — let  us  say  homogeneous  rays  of  short  wave  length — when  travers- 
ing successive  layers  of  human  tissue,  ignoring  distance,  scattering, 

.  secondary  rays  and  differences  in  density,  for  |>ractical  purposes  may 
be  said  to  follow  an  exponential  law.     If  the  first  centimeter  should 
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absorb  arbitrarily,  10  per  cent.,  reducing  initial  intensity  to  90  per  cent., 
the  second  centimeter  will  absorb  10  per  cent,  of  the  radiation  that  has 
traversed  the  first  layer,  etc. 

The  point  to  be  emphasized  is  that  it  is  impossible,  by  means  of 
filtration,  to  apply  a  larger  amount  of  radiation  to  a  deep-seated  cell 
than  to  a  more  superficial  cell;  the  reverse  is  true.  Insofar  as  concerns 
the  radiation  the  biologic  efTect  is  probably  due  to  the  quantity  absorbed 
and  has  little  directly  to  do  with  the  wave  lengths  (page  44).  Patho- 
logical cells,  physiologically  active  cells  and  lymphoid  tissue  are  very 
susceptible  to  irradiation.  It  is  often  necessary  to  efTect  such  tissue 
when  situated  at  varying  depths  under  the  normal  skin.  Filtration,  by 
causing  a  more  uniform  equalization  of  intensity  throughout  the 
desired  depth,  ^411  provide  the  means  for  obtaining  the  desired  effect 
on  susceptible  tissue  situated  under  the  surface  without  undue  injury  to 
the  more  resistant  overlying  tissue. 

Thickness  of  Filter. — Physicists  have  devoted  a  great  deal  of  tim»  to 
the  study  of  filtered  x-rays,  and  a  great  deal  has  been  accomplished, 
but  very  little  appears  to  have  been  done  in  recent  years  to  determine 
the  best  filtering  material  or  to  establish  a  comparative  absorption 
scale  for  definite  thicknesses  of  such  material  as  compared  with  tissue 
absorption.  In  other  words  filtration  has  not  yet  been  standardized. 
What  is  required  is  reasonably  definite  knowledge  regarding  the 
thickness  of  aluminium  or  other  material  to  be  used  when  treating 
pathological  tissue  at  varying  depths,  intensity  charts  that  indicate 
intensity  of  filtered  radiation  at  varying  depths,  etc. 

For  years  it  has  been  customary  to  use  3  mm.  of  aluminium  for 
purposes  of  filtration.  Pfahler  now  employs  6  mm.  of  this  metal  or 
its  equivalent  in  glass.  It  is  probable  that  6  mm.  of  aluminium  absorb 
all  but  the  more  penetrating  radiation  from  roentgen  tubes  now  used 
in  practice.  The  radiation  traversing  this  amount  of  aluminium  is 
thought  to  be  fairly  homogeneous. 

There  is  a  difference  of  opinion  regarding  the  desirability  of  using 
different  thicknesses  of  aluminium  (from  0.1  mm.  to  1  mm.)  for  the 
treatment  of  superficial  conditions.  There  may  be  some  advantage 
in  employing  filtering  material  that  will  absorb  rays  that  otherwise 
would  be  absorbed  by  the  epidermis,  in  the  treatment  of  conditions 
that  are  in  the  true  skin — or  in  diseases  that  produce  a  marked  thicken- 
ing of  both  the  epidermis  and  derma.  The  author,  however,  is  not 
convinced  of  the  advantage  of  a  thin  filter  in  very  superficial  affections 
except  in  instances  that  will  be  discussed  later.  Filtration  is  not  as 
important  in  roentgen  therapy  as  in  radium  therapy  because  with 
radium  both  the  beta  rays  and  the  soft  gamma  rays  must  be  excluded 
excepting  when  treating  very  superficial  conditions.  Furthermore,  in 
radium  therapy,  filtration  to  some  extent  offsets  the  disadvantage  of 
having  the  source  of  radiation  close  to  the  skin.  The  question  of 
filtration  in  superficial  affections  is  discussed  at  greater  length  in 
Chapter  XIX. 
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Position  of  Filter, — It  is  customary  to  place  the  aluminium  in  the 
diaphragm  of  the  tube-stand,  a  holder  being  provided  for  this  purpose. 
Roughly,  this  position  is  about  half  way  between  anode  and  skin, 
insofar  as  concerns  accuracy  the  position  of  the  filter  is  of  no  import- 
ance.  Secondary  rays  play  an  important  role  in  filtered  work  but 
injurious  secondary  rays  are  obtained  only  from  the  heavy  metals. 
"Tien  heavy  metals  are  used  as  absorbing  material  they  should  be 
^^^^ened  with  chamois,  glass  or  leather  to  absorb  the  "  soft**  secondary 
'^^tions.     Aluminium  seems  to  be  safe  in  this  respect  although  many 
'"'^^^ntgenologists  take  the  precaution  of  using  two  or   three  layers  of 
^'xfinan-  chamois  or  other  suitable  substance  to  protect  the  patient 
^S^nst  injury  by  "  soft"  radiations.    Some  operators  place  the  filter 
^'^  the  skin  or  very  close  to  the  skin  and  then  connect  it  to  the  ground 
5^  prevent  sparking.    Such  practice  is  inadvisable  as  all  grounds  close 
^^  the  patient  increase  danger  of  electric  shock. 

^"^ave  Lengths  Suitable  for  Filtration, — Other  than  for  reasons  of 

^^^Oomy  it  is  questionable  if  the  voltage  or  spark  gap  length  makes 

^y  difference,  in  the  voltage  range  used  in  superficial  therapy.     With 

3-  or  4-inch  spark  gap  the  amount  of  radiation  passing  through  the 

^^^^r  will  be  far  less  than  with  a  9-inch  gap  because  with  high  voltage 

*^^re  is  an  increase  of  short  wave  lengths  as  well  as  an  increase  in  long 

^"^ve  lengths.     Increasing  the  voltage  increases  intensity,  amperage 

J'^^^aining  the  same.    At  high  voltage  there  are  rays  of  shorter  wave 

*^ngth  than  with  low  voltage  so  the  quality  after  filtration  for  the  two 

^^remes  would  be  different.     Penetration  increases  rapidly  from  a 

^""^nch  gap  to  a  6-inch  gap  after  which  the  increase  is  relatively  slight 

MPage  40).     In  practice  it  is  customary  to  use  either  a  7-inch  gap  or  a 

^inch  gap  (80,000  to  100,000  volts).   There  is  probably  not  a  great  deal 

^f  difference  in  the  quality  of  radiation  from  tubes  operated  at  these 

yoltages  after  the  radiation  has  passed  through  the  filter,  but  there 

*s  a  rather  marked  difference  in  intensity.    Therefore,  if  for  no  other 

'"^ason  than  one  of  economy  it  is  preferable  to  employ  a  9-inch  gap  in 

filtered  work. 

filtration  Dosage, — ^There  is  no  unanimity  of  opinion  relative  to 

filtered  dosage.    Some  authors  aver  that  it  is  possible  to  give  two, 

*^ur,  ten  and  many  more  times  the  er^-thema  dose  of  filtered  rays  with- 

^^t  injurious  effects.    Statements  like  this  do  not  mean  much  unless 

^^^^mpanied  by  expHcit  technical  details.     Two  minutes  with  certain 

*^ctors  will  effect  an  erythema  A\ith  unfiltered  radiation.    The  same 

^diation  filtered  through  3  mm.  of  aluminium  requires  within  a  few 

^^conds  of  twenty  minutes  to  produce  an  er\^hema.     One  might  say 

^  a  result  of  the  difference  in  the  time  factor  that  10  ervthema  doses 

^cfe  applied — but  such  a  statement  would  be  misleading. 

'^'efind  the  same  discrepancies  when  we  analyze  dosage  as  estimated 

^ometricaHy.    At  society  meetings  it  is  common  to  hear  of  a  dose  of 

^IjXand  higher  with  3  mm.  of  aluminium  administered  at  one  sitting. 

*Qe  author  has  never  been  able  to  give  these  enormous  doses  without 

^^i^  to  the  skin. 
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One  writer  avers  that  a  Sabouraud  pastille  dose  of  IB  of  unfiltered 
radiation  is  dangerous  while  double  this  amount  (2B)  will  certainly 
provoke  an  injurious  reaction.  There  is  no  chance  for  argument  so 
far.  But  in  comparison  it  is  stated  that  from  50  to  lOOB,  filtered 
through  4  mm.  of  aluminium  can  be  administered  with  safety.  Bl 
is  the  equivalent  of  H5  which  corresponds  to  lOX.  Therefore,  the 
maximum  dose  is  H  500  or  lOOOX.  The  author  has  repeatedly 
obtained  an  ervthema  with  a  dose  of  H2 J  with  the  pastille  on  the  skin 
and  3  mm.  of  aluminium  between  the  pastille  and  the  tube  (20X).* 
Insofar  as  concerns  the  pastille  this  is  only  double  the  amount  required 
for  the  same  superficial  effect  as  compared  with  unfiltered  rays.  That 
is,  a  pastille  reading  of  Hi  J  skin  distance,  is  the  erythema  dose  for 
unfiltered  rays  while  a  pastille  reading  of  H2J  is  required  for  the  ery- 
thema dose  with  filtered  rays  (3  mm.  Al).  But  this  does  not  mean 
that  the  skin  has  received  only  double  intensity.  There  is  only  one 
point  where  the  skin  effects  and  pastille  effects  can  be  compared — 
at  the  point  in  intensity  or  quantity  where  ah  erythema  is  produced. 
Starting  at  the  erj-thema  dose  and  doubling  the  time  factor,  all  other 
factors  remaining  the  same,  intensity  at  the  skin  is  doubled,  but  the 
pastille  does  not  give  double  reading  on  the  Holzknecht  radiometer. 
A  pastille  dose  of  H2^  with  filtered  rays  will  require  an  enormous 
increase  in  the  time  factor  as  compared  to  that  used  to  obtain  the  same 
pastille  reading  with  unfiltered  rays,  assuming  that  all  other  factors 
are  constant.  A  pastille  reading  of  H2 J  at  full  distance  with  unfiltered 
rays  will  be  obtained  in  three  and  three-quarter  minutes  with  the 
following  factors:  Sp.  (i.  9,  Ma.  5,  D.  10  in.  With  the  same  factors 
and  3  mm.  of  aluminium  the  pastille  reading  of  2i  is  obtained  by 
increasing  the  time  factor  to  thirteen  minutes  (12'  50").  If  this  change 
in  time  is  used  as  a  basis  of  intensity  computation,  ignoring  the  effect 
of  filtration,  the  total  dose  might  be  estimated  at  SOX  (H2J,  skin 
distanc^e,  HlO  half  distance,  20X,  in  3  m.  45  sec,  multipHed  by  4, 
which  represents  the  approximate  increase  in  time,  yields  SOX).  This 
may  be  one  explanation  for  the  large  doses  found  recorded  in  the 
literature. 

The  increase  in  time  is  caused  by  two  factors:  (1)  Reduction  of 
general  intensity  and  (2)  the  excessive  reduction  in  those  wave  lengths 
that  would  have  been  entirelv  absorbed  in  the  skin  or.  almost  entirely 
absorbed  in  the  superficial  layers  of  tissue.  Rays  of  short  wave 
lengths  are  not  so  easily  absorbed  by  the  first  few  millimeters  of  tissue 
as  are  rays  of  long  wave  lengths,  therefore  to  obtain  the  same  visible 
effect  on  the  skin  it  is  necessary  to  apply  a  larger  amount  when  employ- 
ing filtered  rays.  Still  another  point  which  has  led  to  confusion  is 
the  fact  that  pastilles  lose  in  sensitiveness  as  they  gain  in  color.  Work- 
ing with  3  mm.  of  aluminium  and  other  fixed  factors  (Ma.  5,  Sp.  G. 
9  in.,  D.  10  in.)  it  will  require  two  minutes  and  thirty-four  seconds  to 
color  a  pastille  to  Hi,  the  pastille  being  placed  at  skin  distance.  If  the 
time  factor  is  doubled  (five  minutes  and  eight  seconds)  intensity  is 
doubled,  but  the  pastille  will  show  Hl^  instead  of  112. 
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Technic  Advised  by  the  Author. — This  technic,  which  has  evolved 
from  work  done  by  Shearer,  and  by  Kemer  and  Witherbee,  is  adWsed 
for  the  beginner.  It  will  be  found  safe  and  practicable  although  not 
particularly  versatile.  The  technic  is  standardized  by  ascertaining  the 
time  required  to  obtain  an  erythema  with  a  given  set  of  constants, 
the  time  factor  then  being  dix-ided  into  fractions  and  plotted  on  a  chart. 
An  operator  may  select  any  set  of  constants  and  standardize  a  technic 
by  experiments  on  the  skin  (page  135).  To  obviate  the  necessity  of 
such  effort  dose  charts  for  several  sets  of  constants  have  been  prepared 
and  are  herewith  appended. 

These  charts,  or  the  technic  they  represent,  were  obtained  in  the 
following  manner:  The  constants  were  first  decided  upon  and  then 
carefully  maintained  throughout  the  exposure.  A  pastille  was  placed 
on  the  table  (representing  anode-skin  distance)  and  exposed  until  it 
read  H2i  (H2i  ha\Hng  been  established  by  Kemer  and  Witherbee  as 
the  erythema  dose  for  filtered  radiation).  Thus  the  time  factor  for 
this  set  of  constants  was  established.  The  next  step  was  to  expose 
a  small  area  of  normal  human  skin  to  radiation  produced  by  this  set 
of  constants  in  order  to  verify  by  skin  effects  the  result  recorded  by 
the  pastille.  The  final  step  consists  of  plotting  the  technic  on  a  chart 
in  such  manner  that  the  time  factor  is  shown  for  various  fractional 
parts  of  the  erythema  dose. 

Dose  charts  have  been  made  for  various  sets  of  factors.  The 
distance  and  milliamperage  is  the  same  in  every  instance.  The  other 
constants  vary: 

Chart  13.  Ma.  5;  Sp.  G.  9;  distance  10  inches;  filter  3  mm. 
aluminium. 

Chart  14.  Ma.  5 ;  Sp.  G.  7 ;  distance  10  inches;  filter  3  mm.  aluminium. 

Chart  15.  Ma.  5;  Sp.G.  9;  distance  10  inches;  filter  1  mm. aluminium. 

Chart  16.  Ma. 5; Sp.G. 7;  distance  10 inches; filter  1  mm. aluminium. 

Chart  17.  Ma.  5;  Sp.  G. 9; distance  10  inches;  filter i  mm.  aluminium. 

Chart  18.  Ma.  5;  Sp.  G.  7; distance  10 inches;  filter  ^  mm.  aluminium. 

While  H2J  S.D.  has  been  established  as  the  erjlhema  dose  (pastille 
measurement)  for  filtered  radiation,  it  seems  preferable  to  reduce  this 
standard  amount  for  general  work.  The  reason  for  this  reduction  is 
that  H2  S.D.  will  effect  an  er^lhema  on  such  sensitive  parts  as  the  face, 
abdomen  and  flexures  in  young  subjects.  The  erythema  dose  given  in 
the  charts  is  H2  S.D.  The  filtered  epilating  dose  is:  minimum.  Hi  J 
S.D.;  average,  H2  S.D.;  maximum,  H2i  S.D. 

It  will  be  noted  that  the  technic  is  based  upon  the  erythema  dose  as 
measured  by  pastille  and  verified  by  skin  effects.  At  this  point  there 
is  an  agreement  with  pastille  measurement.  The  fractional  doses, 
obtained  by  division  of  the  time  factor,  are  not  in  accord  with  pastille 
measurement  and  cannot  be  given  in  terms  of  Holzknecht  units.  This 
difference  is  due  to  a  pastille  characteristic  which  has  been  explained. 
It  is  advisable,  in  using  this  technic,  to  think  of  the  erythema  dose  as 
an  arbitrary  unit  (filtered   unit)  which  corresponds  to  H2  S.D.,  and 
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fractions  thereof  as  constituting  fractions  of  this  filtered  unit  but  not 
as  fractions  of  H  units.  Fractions  of  a  filtered  unit  may  be  added  to 
the  filtered  unit  to  obtain  hyperintensive  and  ultraintensive  doses. 

It  is  a  good  plan  for  the  operator  to  make  copies  of  the  charts  and 
place  them  on  or  near  the  switch-board.  The  operator  must  be  certain 
of  his  constants  (Ma.,  Sp.  G.,  distance,  time  and  filter)  throughout  the 
entire  exposure.  It  is  important  to  note  that  distance  means  the 
<iistance  from  anode  to  skin.    Only  aluminium  can  be  used. 

The  author  knows  of  five  instances  where  operators  administered  a 
hea\T  dose  supposedly  of  filtered  radiation,  but  found  that  they  had 
failed  to  insert  the  filter.  It  should  be  a  rule  not  to  close  the  switch 
until  the  filter  is  in  position. 

The  operator  may  change  the  milliamperage  and  voltage  if  he  so 
desires,  the  result  being  computed  in  accordance  with  the  laws: 

1-  Intensity  varies  directly  as  the  voltage  (pastille  and  skin  effects). 

2-  Intensity  varies  as  the  square  of  the  voltage  (photographic 
uieasurement). 

^'  Quantity  varies  directly  as  the  time  (photographic  and  skin 
effects). 

^^  explanation  it  may  be  stated  that  in  both  filtered  and  unfiltered 

^'ork  intensity  is  doubled  when  the  length  of  the  spark  gap  is  doubled 

if  intensity  is  estimated  by  pastille  or  by  visible  skin  effects.    When  the 

pnotogfaphi(.  method  of  estimation  is  used,  intensity  increases  four 

limes  H^hen  the  spark  gap  is  doubled.    The  difference  existing  between 

Pastille  and  photographic  measurement  in  this  respect  may  be  one 

'^1^  for  the  large  doses  reported  in  the  literature. 

.  ^  i^gard  to  the  third  law  it  has  been  found  that  in  filtered  work 

^!|"ling  the  time  doubles  quantity  as  estimated  by  visible  skin  effects 

I  ^^  by  photographic  measurement.    The  pastille  does  not  obey  this 

^\    This  is  not  surprising  when  it  is  recalled  that  a  pastille  loses  in 

^^itiveness  as  it  increases  in  color.    Time  must  be  increased  for 

f^^oed  current,  and  vice  versa,  and  in  exact  proportion,  all  other  fac- 

^^^maining  the  same.    Thus  for  3  instead  of  5  milliamperes  we  must 

^^  as  long  exposure  time. 

^  ^'  the  composition  or  thickness  of  the  filter  is  changed  it  is  necessary 

^Standardize  the  technic. 

J  *^^garding  changes  in  the  anode-skin  distance  it  will  be  recalled  that 

i/  Unfiltered  radiation  intensity  varies  inversely  as  the  square  of  the 

,^^nce.     In  filtered  work  Remer  and  Witherbee  claim  that  intensity 

^J^^s  inversely  as  the  distance — that  if  distance  is  cut  in  half  intensity 

^'^  be  doubled  instead  of  being  four  times  greater.  They  used  pastille 

^^^surement  and  arithmetical  computation  and  in  two  instances  tlieir 

^^^ts  were  verified  by  experiments  on  human  skin. 

Aiieir  results  have  not  been  corroborated.  In  fact  physicists  have 
^^^onstrated  that  the  inverse  square  of  the  distance  law  holds  for 
"'l^red  radiation  as  well  as  for  unfiltered  radiation.  Too  much 
chance  must  not  be  placed  on  skin  effects  because  especially  with 
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filtered  radiation  an  erythema  is  not  a  good  criterion  of  the  amount  of 
radiation  reaching  the  surface.  A  certain  amount  of  heavily  filtered 
radiation  will  cause  an  erythema.  Now  considerably  more  filtered 
radiation  might  be  administered  without  provoking  much  additional 
er}i:hema.  In  both  roentgen  therapy  and  radium  therapy,  where 
heavy  filters  have  been  employed,  the  author  has  seen  treatment 
continued  in  the  presence  of  erythema.  The  er>i;hema  was  not 
materially  enhanced,  but  eventually  ulceration  set  in  and  extended 
through  the  subcutaneous  and  muscular  tissues.  An  erythematous 
reaction  may  be  employed  for  the  purpose  of  standardizing  a  technic 
in  practical  work  or  for  designating  a  practical  dose,  but  it  is  unwise  to 
attempt  to  establish  definite  physical  laws  by  pastille  measurement  or 
by  skin  effects. 

TABLE  II.— DOSE  TABLE  FOR  FILTERED  RAYS.     MA.  5.     DISTANCE 
10  INCHES.     FILTER,  3  MM.  AL.     (REMER  AND  WITHERBEE.) 

Time.  Pastille  readings. 

Sp.  G.  Minutes  and  sec^onds.  Skin  distance. 

6 3'5r  1 

6 7'  42*  li 

6 11' 33'  1| 

6 15' 24'  li 

6 *  .  19'  15*  2 

7  .      .      . 3'  18*  1 

7 6' 37'  U 

7 »'54'  li 

7 13'  12'  2 

7 16' SO*  2i 

7 19'  48'  2i 

7 23'  68'  21 

7 26'  28'  3 

8 2'  53'  1 

8 5'  46'  1| 

8 8'  39'  2 

8 11'  32'  2\ 

8 14'  25'  2i 

8 17'  18'  2| 

8 20'  11'  3 

9 2' 34'  1 

9 5'  88'  U 

9 7' 42'  2 

9 10'  16'  21 

9 12'  50'  2* 

9 15'  24'  2| 

9 17' 58'  3 

10 2'  19*  1 

10 4' 38'  U 

10 6'  57'  2 

10 9'  16'  2J 

Roentgenologists  desiring  to  use  pastille  doses  instead  of  arbitrary 
filtered  units  will  find  Table  II  of  service.  The  doses  are  estimated 
by  the  i)astille  method,  the  pastille  being  on  the  skin,  and  are  recorded 
in  Holzkneeht  units.     For  each  spark  gap  112  or  H2J  may  be  regarded 
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as  the  erythema  dose — ^the  smaller  dose  for  sensitive  skin  and  the 

larger  dose  for  less  sen^tive  skin.    It  will  be  noticed  that  with  any 

spark-gap  length,  doubling  the  time  does  not  double  the  dose  as  given 

in  H  units.    For  instance,  with  a  9-inch  gap  it  requires  two  minutes, 

thirty-four  seconds  to  obtain  Hi  as  measured  with  a  pastille  on  the 

HcJtzknecht  radiometer.    Double  the  time  to  five  minutes,  eight 

seconds  and  the  pastille  reading  is  Hi  J.    To  double  the  pastille  dose 

will  require  seven  minutes,  forty-two  seconds.    This  is  due,  as  pre- 

\TousIy  explained,  to  a  fault  in  the  pastille  method  of  measurement. 

If  time  is  doubled  so  is  quantity  but  not  as  measured  by  the  pastille. 

It  must  be  understood,  therefore,  that  the  doses  recorded  in  this  table 

are  Holzknecht  units  at  skin  distance. 

Aritiimetical  Computation. — No  one  has  yet  formulated  a  perfectly 
satisfactory'  arithmetical  method  of  estimating  filtered  a:-ray  dosage. 
Remer  and  Witherbee  have  worked  out  a  complicated  arithmetical 
method  based  upon  pastille  measurement.  Their  work  has  not  yet 
been  verified.  The  reader  should  also  study  the  system  advocated  by 
Mazeres.  Those  who  are  interested  will  find  the  necessary  references 
at  the  end  of  the  chapter.^ 

Estimation  of  Dosage  Below  the  Surface. — One  fault  with  all  forms  of 
measurement  of  intensity  in  roentgen  therapy,  is  that  intensity  is 
estimated  at  the  surface  of  the  part  irradiated.  There  is  no  standard 
method  of  estimating  intensity  at  a  given  depth.  Such  estimations 
we  approximate.  In  attempting  approximate  estimations  of  intensity 
at  a  given  depth  there  are  two  facts  that  must  be  kept  in  mind:  first, 
loss  of  intensity  by  distance  and,  second,  loss  of  intensity  by  absorption. 
Figures  for  loss  of  intensity  by  absorption  will  be  found  on  pages  41 
WKi43.  In  this  connection  Guilleminot,  years  ago,  prepared  a  table 
to  show  the  (approximate)  rate  of  absorption  for  difl'erent  thicknesses 
of  human  tissue  with  filtered  and  unfiltered  roentgen  rays  (Table  III). 
Eliminating  loss  of  intensity  by  absorption  the  loss  by  distance  will 
be  inversely  as  the  square  of  the  distance. 

Increaidng  the  distance  of  the  source  of  radiation  tends  to  equalize 
intensity  throughout  a  given  depth.  At  great  distance  the  amount  of 
radiation  received  at  a  given  depth,  in  relation  to  the  amount  received 
»t  the  surface,  is  greater  than  at  short  distance.  This  is  due  to  the 
fact  that  with  the  source  of  radiation  at  a  distance  the  ravs  are  more 
perpendicular  and  therefore  they  are  not  lost  by  spreading  out  obliquely 
(in  a  fan-shape  manner)  as  they  pass  through  the  tissue.  Referring 
to  Fig.  2  (Chapter  II),  F  is  the  focal  spot  on  the  target;  .1  B  C 1),  a 
5**rface  area  receiving  radiation;  I  J  K  L  would  receive  the  same 
'adiation  at  the  greater  distance  from  F  that  ^I  li  CD  receives  at  the 
'bearer  distance.  Hence  an  equal  area  at  the  greater  distance  receives 
less,  i.  e.,  E  F  G  H  receives  less  radiation  than  A  B  C  I).  Note  that 
e*oh  area  of  the  rectangular  prism  A  G,  as  we  go  down,  receives  less 
'^^liation  because  rays  entering  the  prism  pass  out  through  its  lateral 

*  See,  alio,  article  by  J.  S.  Shearer,  Am.  Jour.  Roeutg.,  1921,  viii,  n.  s.,  p.  154. 
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walls.  As  the  target  is  moved  farther  away  the  rays  becomes  more 
nearly  parallel  to  the  edges  A  E,  and  less  radiation  leaves  through  the 
sides  of  the  prism. 

Another  way  in  which  intensity  can  be  increased  in  the  deeper  tissue 
is  by  cross-fire.  A  discussion  of  cross-fire  methods  will  be  found  in 
Chapter  XIX. 

In  the  last  few  years  the  German  roentgenologists,  for  purposes  of 
deep  therapy,  have  used  a  twelve-  to  fourteen-inch  spark  gap,  a  very 
heavy  filter  (10  or  12  mm.  aluminium  or  the  equivalent  in  some  other 
metal)  and  a  very  long  skin-target  distance— several  feet.  This  com- 
bination provides  a  fairly  homogeneous,  perpendicular  radiation  of 
very  short  wave  length.  The  loss  of  quantity  by  distance  and  low 
milliamperage  necessitates  very  long  exposures.  Whether  or  not  the 
results  will  compensate  for  the  handicaps  of  great  distance,  extreme 
voltage  and  low  amperage,  remains  to  be  seen. 

TABLE  III.— DEPTH  OF  TISSUE  PENETRATED  BY  X-RAYS. 


Quality  of  rayB. 

0 

Surface. 

Depth  of  tissue. 

;                      1 

5cip. 

1  cm. 

2  cm. 

3  cm.    4  cm. 

5  cm.    6  cm.    7  cm. 

8  cm. 

4  Benoist 

Dose  transmitted, 

100 

65 

43 

22 

13          8 

5.2  ,     3.8 

2.6 

1.8 

5 

100 

72 

53 

32.5!  21.9    15.5 

11.6 

8.8 

7.0 

5.5 

6 

100 

78 

63 

44 

33        26    '    21 

17.2;  14.4     12.0 

7 

100 

81 

68 

50 

39        32 

26.5 

22.8     19.7  1  17.2 

8 

100 

83.2 

69.9 

52.7  !    42    1  34.8 

29.5 

25.5    22.3     19.6 

Filter 

1 

8        "        1  mm. 

100 

86.5 

76.2 

61.1 

50.6'    43      37.3 

32.6    28.5    25.4 

8        "        2  mm. 

100 

89.2 

80.4 

67 

57.1     49.4    43.3 

38.2    33.8    30.1 

8        "        3  mm. 

100 

91 

83.5 

71.8    61.8 

54.5    48.0 

42.5 

37.8    34.8 

8        "        4  mm. 

100  , 

92.8 

86 

74.5 

65.4 

57.8    51.3 

45.7 

41.0    37.0 

8        "        5  mm. 

100 

95 

87 

76.1 

67.2 

60 

53.8 

48.5 

44.0 

40.2 
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CHAPTER  XII. 
RADIUM  TECHNIC. 

Before  reading  this  chapter  the  student  should  study  the  preceding 
chapters,  at  least  those  portions  of  preceding  chapters  that  deal  with 
radium  and  the  radioactive  substances.  As  a  preface  to  an  explanation 
of  the  phenomena  inherent  to  a  radium  applicator  we  will  review 
briefly  the  decay  of  radium. 

Decay  of  Radium. — Radium  is  an  unstable  element  the  atoms  of 
which  undergo  spontaneous  disintegration  with  the  formation  of  new 
elements.  This  disintegration  follows  an  exponential  law,  i,  e.,  the 
rate  of  decay  per  gram  is  constant.  The  disintegration  is,  however, 
very  slow,  the  half  value  period  being  one  thousand  six  hundred  and 
ninety  years.  In  other  words  a  gram  of  radium  today  will  be  reduced 
to  one-half  gram  in  sixteen  hundred  and  ninety  years. 

The  first  phenomenon  in  the  decay  of  radium  is  the  expulsion  of  an 
alpha  particle  from  the  atom.  The  atom  is  now  one  of  radium  emana- 
tion whose  half  value  period  is  3.85  days.  The  emanation  atom  now 
liberates  an  alpha  particle,  the  remaining  atom  being  one  of  radium  A, 
a  solid  substance  with  a  half  value  period  of  three  minutes.  This  in 
turn  is  changed  to  radium  B  (half  value  period  26.7  minutes)  and  ,then 
into  radium  C  (half  value  period  19.5  minutes).  Radium  A,  radium 
B  and  radium  C  constitute  the  active  deposit  of  quick  change. 

It  will  be  noted  that  the  element  radium  emits  alpha  rays  only. 
The  next  product,  radium  emanation,  also  emits  only  alpha  rays.  The 
radiation  used  in  therapy,  namely,  beta  and  gamma  rays,  originate 
from  radium  B  and  C.  A  fresh  sample  of  radium  or  of  radium  emana- 
tion is,  for  a  minute  or  two,  free  from  beta  and  gamma  rays,  but  as 
will  be  seen  later  the  increase  in  beta-gamma  ray  activity  is  rapid  after 
the  first  few  minutes!  Inasmuch  as  radium  and  its  emanation  are  the 
source  of  the  same  decay  products  it  is  obvious  that  either  may  be 
employed  therapeutically. 

Phenomena  of  a  Radium  Applicator. — It  may  help  the  beginner  to 
visualize  and  appreciate  the  above  mentioned  phenomena  and  their 
importance  in  the  practical  application  of  radium,  to  visualize  the 
process  of  decay  of  a  definite  amount  of  the  element  in  a  sealed  glass 
container — a  radium  tube  applicator.  Let  us  assume  that  when  the 
radium  is  placed  in  a  tiny  glass  tube  it  is  free  of  its  subsequent  products. 
As  soon  as  the  tube  is  sealed  emanation  collects  at  a  constant  rate 
because  a  definite  number  of  radium  atoms  are  disintegrating  per 
second.  At  the  same  time  the  emanation  atoms  are  disintegrating. 
The  number  of  emanation  atoms  that  disintegrate  per  second  depends 
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upon  the  total  number  present.  At  first,  when  the  amount  of  emana- 
tion is  small,  the  number  of  emanation  atoms  undergoing  disintegration 
per  second  is  less  than  the  number  of  radium  atoms  decaying  per 
second.  P^manation  will,  therefore  increase  in  quantity.  Finally, 
however,  the  number  of  emanation  atoms  decaying  per  second  will 
equal  the  number  of  radium  atoms  deca^dng  per  second,  after  which 
there  can  be  no  increase  in  the  amount  of  emanation.  The  same  rules 
may  be  applied  to  the  subsequent  products.  In  other  words,  the  same 
number  of  atoms  of  each  substance  are  disintegrating  per  second — 
radium  and  its  products  are  in  equilibrium. 

When  the  radium  is  first  placed  in  the  tube  there  is  no  beta  or  gamma 
radiation.  Beta  and  gamma  radiation  does  not  occur  until  the  active 
deposit  is  formed  and  does  not  reach  maximum  until  equilibrium. 
The  preparation  begins  to  be  feebly  radioactive  in  a  few  hours.  It 
is  still  about  \  per  cent,  short  of  maximum  at  the  end  of  a  month. 
After  equilibrium  there  is  no  change  in  radioactivity  excepting  that 
due  to  the  slow  disintegration  and  loss  of  radium  element  (half  value, 
sixteen  hundred  and  ninety  years). 

Collection  of  Radium  Emanation. — ^A  radium  salt,  usually  the  chloride 
or  bromide,  is  dissolved  in  a  very  weak  solution  of  hydrochloric  acid  and 
placed  in  a  glass  flask.  This  in  turn  is  kept  in  a  heavy  vault  or  safe 
from  which  it  is  never  removed.  The  safe  is  3  or  4  feet  above  the 
floor.  The  glass  container  is  connected,  by  glass  tubing,  with  the 
collecting  and  purifying  apparatus.  The  apparatus  consists  essentially 
of  two  parts — the  collecting  system  and  the  purifying  system.  The 
method  of  collecting  emanation  does  not  differ  materially  from  that 
used  by  physicists  for  many  years.  Originally,  purification  was 
eftected  by  means  of  liquid  air,  but  Duane  changed  the  purifying 
System  by  substituting  suitable  chemicals. 

The  apparatus  shown  in  Fig.  49  is  the  type  mostly  used  in  this 
country  and  was  designed  by  Failla  and  described  in  a  recent  publica- 
tion l)y  Viol.  The  following  detailed  description  and  photograph  of 
the  apparatus  is  taken  from  Viol's  article.  Inasmuch  as  most  of  the 
api)aratus  consists  of  glass  flasks,  tubing  and  cocks  which  are  often 
broken,  it  is  advisable  to  have  all  these  parts  in  duplicate  and  so 
arranged  that  the  emanation  may  be  shifted  to  the  duplicate  parts  by 
the  turning  of  a  cock.  This  avoids  delay  in. case  a  flask  or  a  tube  is 
broken  while  emanation  is  being  collected.  Fig.  50  is  a  diagranmiatic 
representation  of  the  essential  working  parts  of  the  apparatus. 

JU'ferring  to  Fig.  50,  1  represents  the  glass  flask  containing  the 
ratliian  solution  which  is  kept  in  a  suitably  constructed  safe.  A 
proiXTly  constructed  tube  connects  this  flask  with  the  apparatus,  the 
two  being  connected  or  disconnected  by  the  valve  at  2.  Accumulated 
emanation  is  collected  as  follows:  ^Vith  the  vacuum  pump  running 
and  stop  cocks  22  and  cS  set  to  give  a  vacuum  in  the  hne  A,  cock  G  is 
opened,  allowing  mercury  to  i)ass  from  vessel  4  to  vessel  7,  the  mercury 
level  being  maintained  just  above  5,  by  closing  6.  This  permits  the 
accumulated  emanation,  water,  vapor,  hydrogen,  oxygen,  etc.,  to 
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y  diffuse  into  vessel  4.  By  turning  cock  22  air  is  admitted  through 
ying  tube  23  to  the  line  A  communicating  with  vessel  7,  and  on 
ig  cock  6,  air  pressure  raises  the  mercury  into  vessel  4,  forcing 


^beemsiiationoverintovesseis'J,  lOand  11  when  the  siMiiiini  hydroxide, 
theWttd  copper  oxide  spiral  and  phosphorus  pentoxi<le  abrarh  carhon 
dionie,  hydrogen,  moisture,  etc.  Vacuum  is  again  establislied  in 
iiDeA,3topcod(s8and  Shaving  been  closed  and  on  opening  cock  14, 
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men.'ury  flows  from  vessel  12  into  vessel  15.  This  permits  the  purified 
emanation  to  diffuse  into  vessel  12.  Air  is  again  admitted  to  line  A 
■  and  the  mercury  level  in  the  U-shaped  tube  17  is  raised  above  the  ba« 


of  tlie  V  i>y  oiwninj;  t-ock  20  ivliicli  is  then  again  closed.  Cock  14  is 
then  opened  and  ttio  mercury  passes  from  vessel  15  into  vessel  12, 
com  pressing  the  eniiinatioii  in  the  tiilx-  nt  cock  IG.    This  cock  is  then 
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opened  momentarily  to  allow  the  emanation  to  pass  through.  The 
whole  operation  is  repeated  until  all  emanation  has  been  forced  past 
c-(K'k  1().  By  again  o])ening  c(K'k  20,  the  mercury  from  vessel  21  forces 
the  purifiwl  emanation  up  into  the  left  branch  of  17  and  thence  out  into 
the  capillary  tube  18.  As  the  difference  in  level  of  the  mercury  in  21 
and  in  18  is  onlv  a  few  centimeters,  the  emanation  is  under  reduced 
pressure  and  upon  heating  the  capillary  tube  vdth  a  fine  flame  the  glass 
softens,  falls  together  and  the  tiny  emanation  tube  can  be  drawn  off 
without  loss  of  emanation. 

The  entire  process  is  repeated  daily  to  secure  the  emanation  that  has 
meanwhile  accimiulated.  The  capillary  tube  containing  the  emana- 
tion, which  has  about  the  diameter  of  a  hypodermatic  needle,  is  divided 
into  a  numl)er  of  indi\idual  tubes,  about  \  inch  in  length,  by  means  of 
the  flame. 

\Vhen  prepared,  emanation  tubes  do  not  emit  beta  or  gamma  rays. 
Beta-gamma  ray  acti\'ity  begins  in  a  few  minutes  and  reaches  a 
maximum  in  three  and  a  half  hours.  Table  IV  (after  Viol)  shows  this 
initial  increase  in  beta-gamma  ray  activity. 

TABLE  n'. — INITIAL    INCREASE    IN    BETA-GAMMA    RAY    ACTIVITY'    IN    A 
IL\DIL1^I    EMANATION    PREPARATION    DUE    TO    THE    ACCUMULATION 

OF  THE  ACTIVE  DEPOSIT    (RADIUM   A,   R.M)n  M    B,  AND   RADIUM   C). 

(After  Viol.) 

Activity. 
Time.  Maximum  equalu  1000. 

0 0.000 

lOmin 0.039 

20     **  0.119 

30     *•  0.218 

40     "  0.321 

50     *' 0.420 

1  hr 0.511 

1    '*    lOiiiin 0.593 

1    "   20     *• 0.663 

1    "   30     " 0.723 

1    "   40     " 0.774 

1  "   50     " 0.817 

2hr8 0.852 

2  "    10     " 0.881 

2    **    20     " 0.904 

2    *•    30     " 0.923 

2    "    40     "  , 0.939 

2  "    50     "     .' ...      0.960 

3hr8 0.970 

3  "   30     "     appn)xiniat«'ly 1. 000 

Because  of  the  absence*  of  beta  and  gamma  rays  in  freshly  pre})are(i 
emanation  it  is  not  necessary  to  protect  the  assistants  who  collect 
the  emanation  providing  the  emanation  is  collected  and  disposed  of 
quickly.  The  lead  and  steel  contained  in  the  safe  is  ample  protection 
from  the  radium  itself.  As  soon  as  made  the  emanation  tubes  are 
marked  for  identification  and  placed  in  small  l)oxes  inaiie  of  very  heavy 
lead,  not  being  used  until  the  beta-gamma  radiation  has  reached  a 
maximum  of  intensity.    After  three  and  a  half  hours  the  beta-gamma 
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ray  activity  decreases  at  the  same  rate  as  the  decay  of  the  emanation, 
half  of  any  activity  being  lost  in  3.85  days. 

As  we  have  seen,  practically  all  of  the  beta  and  gamma  rays  used  in 
therapy  emanate  from  the  active  deposit  of  quick  change — ^in  fact 
from  radium  B  and  radium  C.  This  active  deposit  may  be  and  is 
used  for  therapeutic  purposes.  While  the  half  value  period  is  only 
about  one-half  hour  yet  the  beta-gamma  ray  output  is  exceedingly 
intense.  It  is  sometimes  placed  on  lead  foil  for  surface  application, 
and  on  minute  particles  of  soluble  or  insoluble  matter  for  injection  into 
the  tissues. 

Referring  again  to  Fig.  50  active  deposit  is  collected  by  allowing 
the  emanation  to  pass  into  a  special  glass  vessel  which  is  sealed  to  the 
apparatus  at  17.  For  an  applicator  the  lead  or  other  metal  plate  which 
is  to  be  activated,  is  so  exposed  in  the  vessel  as  to  permit  the  active 
deposit  to  form  on  the  desired  surface.  When  a  solution  is  to  be  pre- 
pared, finely  powdered  salt  is  placed  in  the  vessel.  Emanation  is 
admitted  to  the  vessel  for  three  or  four  hours  to  permit  the  maximum 
of  active  deposit  to  form.  The  emanation  is  then  removed  from  the 
vessel  by  suitable  manipulation  and  the  vessel  is  removed  from  the 
apparatus.  A  solution  of  active  deposit  is  prepared  by  disserving  the 
salt  in  water. 

The  decay  of  radium  and  the  accumulation  of  emanation  occur  at 
about  the  same  rate  but,  of  course,  the  phenomena  are  reversed. 
Radium  emanation  will  decay  50  per  cent,  in  about  four  days  but  in  the 
same  time  a  radium  preparation  that  is  initially  free  from  emanation 
will  provide  50  per  cent,  of  the  equilibrium  amount  of  emanation. 
Table  \'  (after  Kolowrat)  gives  the  data  relative  to  the  decay  of  radium 
emanation  and  its  rate  of  production  in  a  radium  preparation  initially 
free  from  emanation. 


TABLE  v.— DECAY  AND  GROWTH  OF  RADIUM  EMANATION. 

(Alter  Kolowrat.) 

Tiro* 


IH.x's 


Time. 

Hours. 

A. 

B. 

Da}-«. 

Hours. 

A. 

B. 

0 

1  00000 

0.00000 

1 

23 

70822 

29178 

1 

0  99253 

0.00747 

1 

23 

70293 

29707 

2 

9S511 

01489 

3 

0 

89788 

30232 

3 

97775 

02225 

2 

1 

89248 

30754 

4 

97045 

02955 

2 

2 

88729 

31271 

5 

96319 

03681 

2 

3 

88215 

31785 

6 

95600 

04400 

2 

4 

87706 

32094 

• 

94SS5 

05115 

2 

6 

88698 

33302 

S 

94176 

05S24 

2 

8 

85705 

34295 

9 

93473 

06527 

a 

10 

84728 

35274 

10 

92774 

07226 

•> 

12 

83783 

36237 

11 

920S1 

07919 

•» 

14 

82813 

37187 

li 

91393 

OS607 

>) 

^ 

16 

61878 

38122 

13 

90710 

09290 

o 

18 

80957 

39043 

14 

90032 

09968 

<» 
« 

20 

80050 

39950 

15 

S9360 

10640 

o 

■»■« 

59158 

40844 

U 

S>«92 

11308 

3 

0 

58275  ^ 

41725 

17 

S^029 

11971 

3 

3 

58978 

43022 

18 

ST372 

12628 

3 

6 

55711 

44289 

19 

S4719 

13381 

3 

9 

S4471 

45529 

COLLECTION  OF  RADIUM  EMANATION 


173 


Time 

. 

Time. 

Days. 

Hours. 

A. 

B. 

Days. 

Hours. 

A. 

B. 

20 

86071 

13929 

3 

12 

53259 

46741 

21 

85428 

14572 

3 

15 

52074 

47926 

22 

84789 

15211 

3 

18 

50916 

49084 

23 

84156 

15844 

3 

21 

49783 

50217 

0 

83527 

16473 

0 

48675 

51325 

1 

82903 

17097 

3 

47592 

52408 

2 

82283 

17717 

6 

46533 

53467 

3 

81669 

18331 

9 

45498 

54502 

4 

81058 

18942 

12 

44486 

55514 

5 

80453 

19547 

15 

43496 

56504 

6 

79852 

20148 

18 

42528 

57472 

7 

79255 

20745 

21 

41582 

58418 

8 

78663 

21337 

5 

0 

40657 

59343 

9 

78075 

21925 

5 

4 

39455 

60545 

10 

77492 

22508 

5 

8 

38289 

61711 

11 

76913 

23087 

5 

12 

37158 

62842 

12 

76338 

23662 

6 

16 

36059 

63941 

13 

75768 

24232 

5 

20 

34994 

65006 

14 

75201 

24799 

6 

0 

33960 

66040 

15 

74639 

25361 

6 

4 

32956 

67044 

16 

74082 

25918 

6 

8 

31982 

68018 

17 

73528 

26472 

6 

12 

31037 

68963 

18 

72979 

27021 

6 

16 

30119 

69881 

19 

72434 

27566 

6 

20 

29229 

70771 

20 

71892 

28108 

7 

0 

28365 

71635 

21 

71355 

28645 

7 

4 

27527 

72473 

8 

26714 

73286 

15 

0 

06721 

93279 

12 

25924 

74076 

15 

8 

06329 

93671 

16 

25158 

74842 

15 

16 

05961 

94039 

20 

24414 

75586 

16 

0 

05613 

94387 

8 

0 

23693 

76307 

16 

8 

05287 

94713 

8 

4 

22993 

77007 

16 

16 

04979 

95021 

8 

8 

22313 

77687 

17 

0 

04689 

95311 

8 

12 

21654 

78346 

17 

8 

04416 

95584 

8 

16 

21014 

78986 

17 

16 

04159 

95841 

8 

20 

20393 

79607 

18 

0 

03916 

96084 

9 

0 

19790 

80210 

18 

12 

03579 

96421 

9 

4 

19205 

80795 

19 

0 

03271 

96729 

9 

8 

18637 

81363 

19 

12 

02990 

97010 

9 

12 

18087 

81913 

20 

0 

02732 

97268 

9 

18 

17291 

82709 

20 

12 

02497 

97503 

10 

0 

16530 

83470 

21 

0 

02282 

97718 

10 

6 

15803 

84197 

21 

12 

02086 

97914 

10 

12 

15107 

84893 

22 

0 

01906 

98094 

10 

18 

14442 

85558 

22 

12 

01742 

98258 

11 

0 

13807 

86193 

23 

0 

01592 

98408 

11 

6 

13199 

86801 

23 

12 

01455 

98545 

11 

12 

12619 

87381 

24 

0 

01330 

98670 

11 

18 

12063 

87937 

24 

12 

01216 

98784 

12 

0 

11533 

88467 

25 

0 

01111 

98889 

12 

6 

11025 

88975 

25 

12 

01015 

98985 

12 

12 

10540 

89460 

26 

0 

00928 

99072 

12 

18 

10076 

89924 

27 

0 

00775 

99225 

13 

0 

09633 

90367 

28 

0 

00647 

99353 

13 

8 

09072 

90928 

29 

0 

00541 

99459 

13 

16 

08543 

91457 

30 

0 

00452 

99548 

14 

0 

08046 

91954 

40 

0 

00074 

99926 

14 

8 

07577 

92423 

50 

0 

00012 

99988 

14 

16 

07136 

92864 

A  s  fraction  of  emanation  remaining  after  time  t. 

B  B  fraction  of  equilibdum  amount  of  emanation  formed  in  t  days  in  a  radium 
preparation  initially  froe  from  emanation. 
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From  this  table  Mol  compiled  Table  VI  which  shows  the  total 
amount  of  emanatioain  millicuries  from  1  gram  of  radium  available 
in  one  month. 

TABLE  VI.— ACTIVITY  OF  RADIUM  EMANATION  PREPARATIONS  ACCU- 
MULATING IN  THIRTY-ONE  DAYS  FROM  ONE  GRAM  OF  RADIUM 
ELEMENT  IN  SOLUTION.     (After  Viol.) 

AKe  uf  emanation 

preparation  Gamma  ray  activity 

in  days.  in  niillicurien. 

0 164.0 

1 137.0 

2 114.4 

3 95.5 

4 79.8 

5 66.7 

6 55.7 

7 46.5 

8 38.9 

9 32.5 

10 27.1 

11 22.6 

12 18.9 

13 15.8 

14 13.2 

15 11.0 

16 9.2 

17 7.7        . 

18 6.4 

19 5.4 

20 4.5 

21 3.7 

22 3.1 

23 2.6 

24 2.2 

25 1.8 

26 1.5 

27 1.3 

28 1.1 

29 0.9 

30 0.7 

Total 991.8 

From  Table  V  it  is  evident  that  in  twenty-four  hours  there  accumu- 
lates 1().4  per  cent,  of  the  equilibrium  amount  of  emanation.  From 
'I'able  \l  we  see  that  the  theoretical  daily  Nield  of  emanation  from  1 
^ram  of  radium  in  solution  is  164  millicuries.  With  modem  apparatus, 
allowing  for  loss  by  leakage,  breakage,  etc.,  it  is  possible  to  obtain  from 
N")  to  \i')  per  cent,  of  this  theoretical  amount.  Roughly  this  is  about 
MO  millicuries  per  day.  This  may  be  divided  into  o  tubes  of  30 
millicuries  each.  At  the  end  of  a  month  one  will  have  150  tubes 
of  varying  strength.  Tb.c  tul)es  that  were  collected  on  the  first  day 
will  contain  about  1")  millicuries  on  the  fourth  day  and  so  on  until  the 
thirtieth  day  when  the  strength  will  have  dropi)ed  to  less  than  0.5 
per  cent,  of  its  maxim uni  activity.  A  tube  on  the  fiftetMith  day 
will  contain  about  2  millicuries.     In  practice  it  is  customary  to  use  the 
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bes  until  they  have  dropped  to  5  and  even  to  2  millicuries.  Intense 
diation  may  be  obtained  by  large  quantities  of  emanation  in  a  single 
ibe  or  by  combining  a  large  number  of  weak  tubes.  It  vdW  be  seen 
Table  \^)  that  the  number  of  theoretical  millicuries  on  hand  at  the 
id  of  a  month  equals  in  activity  that  of  a  gram  of  radium.  In 
ractiee  one  usually  has,  with  a  gram  of  radium  as  a  working  basis, 
etween  800  and  900  millicuries  available  for  use. 

Measurement  of  Emanatioii. — ^While  the  details  of  measuring  methods 
•ar>^  in  different  laboratories  the  fundamental  principles  are  always 
:he  same.     The  measurement  of  quantity  of  radium  or  its  products  is 
rwised  upcm  the  electrical  effects  of  the  radiations  emitted  therefrom. 
It  will  be  recalled  that  these  radiations  are  capable  of  ionizing  a  gas  and 
such  a  gas,  previously  a  poor  conductor  of  electricity,  becomes  a  good 
cx)nductor.     If  the  ionized  gas  is  between  two  metal  plates  or  electrodes 
in  a  suitably  constructed  ionization  chamber  and  these  electrodes  are 
at  a  difference  of  potential  there  will  be  a  flow  of  current  through  the 
ionized  gas,  from  one  electrode  to  the  other,  the  magnitude  of  which 
niay  be  measured  by  electrical  instruments  (galvanometer,  electro- 
meter).   If  proper  precautions  are  taken  the  magnitude  of  the  current 
will  depend  upon  the  degree  of  ionization  and  this  is  turn  will  vary  with 
the  amount  and  kind  of  radiation  entering  the  chamber.    The  magni- 
tude of  the  current  produced  by  an  unknown  quantity  of  emanation 
as  compared  to  that  produced  by  a  known  amount  allows  calculation 
of  the  unknown  amount  of  emanation. 

The  electroscope  is  frequently  used  for  quantitative  estimation. 
A  common  method  is  to  have  an  ionization  chamber  consisting  of  an 
insulated  box  of  aluminium  with  windows,  front  and  back.  In  this 
^^"^ber  are  the  two  electrodes  upon  one  of  which  there  is  attached  a 
gold  leaf.  An  electric  Ught  in  the  rear  window  illuminates  the  interior 
pf  the  chamber  and  a  shadow  of  the  electrode  and  attached  gold  leaf 
^  projected  through  the  front  window  and  falls  ui)on  a  ground-glass 
plate  at  a  definite  distance  from  the  instrument.  At  the  proper 
"^stance  from  the  rear  of  the  apparatus  there  is  a  recei)tacle  for  the 
emanation  tube.  Between  the  receptacle  and  the  chamber  there  is  a 
P'^te  of  thick  lead  through  which  the  radiation  must  pass  to  reach  the 
ionization  chamber  (only  gamma  rays  arc  used  when  estimating 
quantities  of  emanation  in  miUicuries).  The  electrcKles  are  given  an 
^'^rical  charge.  The  gold  leaf  projects  outward  in  its  attempt  to 
^n  the  electrode  of  opposite  polarity.  The  emanation  tube  is 
placed  in  the  receptacle  and  the  gold  leaf  drops.  The  gas  (air  at 
?^o^heric  pressure  and  normal  temperature)  in  the  ionization  cham- 
Y' ^8  become  ionized,  the  negative  ions  are  attracted  to  the  positive 
?^^e  and  the  positive  ions  to  the  negative  pole.  The  charges 
being  thus  neutralized  the  gold  leaf  drops.  The  rate  of  motion  of  the 
leaf  over  a  given  scale  is  a  measure  of  the  ionization  prcnluced  by  the 
Nation  in  the  ionization  chaml)er.  When  such  rates  of  motion  are 
^^tained  for  known  and  unknown  amounts  of  emanation  their  ratio 
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can  be  readily  obtained  and  the  unknown  can  be  calculated  in  terms  of 
the  knoT^Ti. 

Measurement  by  ionization  is  exceedingly  technical  and  subject  to 
many  errors.  If  properly  done,  however,  it  is  the  most  sensitive  and 
accurate  method  we  have  for  estimating  radioactivity.  Such  work 
must  be  done  only  by  physicists  and  highly  trained  technicians. 

Emanation  Unit. — ^The  imit  of  emanation  is  the  curie  (in  honor  of  M. 
and  Mme.  Curie)  which  may  be  defined  as  the  amount  of  emanation 
in  equilibrium  with  one  gram  of  radium  element.  In  practical  work 
where  verj'  small  amounts  of  emanation  are  employed  the  millicurie 
(tttW  curie)  is  the  standard  unit  of  quantity.  A  millicurie  of  emanation 
in  radioactive  intensity  is  the  same  as  a  milligram  of  radium  element. 
In  the  case  of  radioactive  waters  where  the  quantity  of  emanation  is 
exceedingly  minute  Mache  has  proposed  that,  if  the  saturation  current 
produced  by  the  emanation  from  1  liter  of  water  amounts  to  1  electro- 
static unit  of  electricity  per  second  in  a  standardized  apparatus,  the 
quantity  of  emanation  present  shall  be  called  1000  units.  One  milli- 
curie is  the  equivalent  of  2.7  million  mache  units  (Knox).  The  mache 
unit  is  now  obsolete. 

Emanation  Therapy. — The  field  of  radium  therapy  is  now  a  very  large 
one.  Radium  vdW  never  replace  roentgen  rays  as  a  therai>eutic  agent 
and  the  latter  will  not  prevent  radium  from  increasing  in  value  in  the 
field  of  medicine.  They  both  have  their  advantages  and  limitations. 
There  is  room  for  both.    There  is  need  for  both. 

To  cover  the  field  of  radium  therapy,  to  treat  cancer  properly,  to 
apply  radium  efficiently  to  all  the  affections  that  are  amenable  to  this 
remarkable  element,  requires  a  great  deal  of  experience  and  knowledge,  a 
large  amount  of  radium  and  an  equipment  that  is  initially  expensive  and 
that  is  costly  to  maintain.  Such  work  is,  of  course,  beyond  the  pos- 
sibility of  the  ordinary'  physician  and  even  the  majority  of  specialists. 

Radium  therapy  on  an  extensive  scale  is  limited  to  highly  specialized 
physicians  who  confine  themselves  to  this  work  alone  or  who  combine 
roentgen  therapy  and  radium  therapy  as  a  vocation.  Radium  therapy, 
like  roentgen  therapy  is  not  and  will  never  be  entirely  limited  to  pure 
specialists.  Specialists  in  various  branches  of  medical  practice  and 
many  general  practitioners  of  medicine,  especially  those  in  small 
centers,  will  find  use  for  these  agents.  And  even  with  an  exceedingly 
modest  outfit,  sucli  physicians  may  accomplish  a  great  deal  of  good 
and  will  avoid  doing  hann  if  they  thoroughly  understand  the  essen- 
tial features  of  the  work  and  the  limitations  of  a  small  amount  of 
radium. 

Many  readers  of  this  book  will  wonder  why  so  much  space  is  devoted 
to  details  which  api)arently  concern  only  the  pure  radiologist  and 
which  are  seemingly  of  most  interest  to  those  who  contemplate  using 
these  agents  for  the  treatment  of  deei>-seated  affections,  when  the  book 
is  written  mainly  for  those  who  do  only  the  lighter  and  superficial  work. 
The  answer  is  simple.     In  the  first  place  no  physician  should  employ 
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either  one  of  these  agents  unless  he  has  a  thorough  and  very  general 
knowledge  of  their  physics,  therapeutics,  biology,  etc.     In  the  second 
place,  the  problems  that  confront  the  operator,  both  in  superficial 
and  deep  work,  are  very  much  the  same.    These  pro!)lenis  are  dis- 
cussed in  various  parts  of  this  book  and  nee<i  not  he  enumerated  here. 
^>uffice  it  to  say  that  one  cannot  apply  radium  to  superficial  affections 
intelligently  and  efficiently  without  understanding  the  problems  of 
deep  therapy.     As  applied  to  disease  the  word  superficial  means  noth- 
ing excepting  in  a  relative  sense.    A  superficial  epithelioma  may  extend 
to  a  depth  of  five  or  more  centimeters  and  the  pathological  tissue  in 
inany  cutaneous  affections  attains  a  thickness  of  several  centimeters. 
Because  a  physician  does  not  intend  to  use  emanation  is  no  reason 
^hyhe  should  not  understand  why  and  how  it  is  employed. 

^Miy  is  emanation  used  instead  of  radium  element?  There  are 
several  reasons,  but  the  chief  reason  is  expressed  by  the  words  flexibility 
*nd  versatility.  The  glass  emanation  tubes  are  exceedingly  small, 
about  \  nun.  in  outside  diameter,  from  12  to  30  mm.  in  length  and 
<^ntain  from  40  to  60  millicuries  of  emanation ;  a  tuJx»  no  greater  in 
diameter  than  a  hjTXxiermic  nee^lle.  One  or  two  hundred  millicuries 
"f  nnanation  or  even  a  greater  amount  can  bt»  placed  in  a  capillary 
^ube that  c*an  be  inserted  into  a  fair  sized  hyp<xlennic  nce<Ue.  FaiFla 
"^forced  200  millicuries  into  a  capillary  tube  3  nun.  in  diameter  and 
7  tin.  in  length.  Kelly  has  used  a  sphere,  3  mm.  in  diameter,  contain- 
'"?  700  millicuries  of  emanation.  This  provides  a  very  intense  source 
^*f  radiation  no  larger  than  the  head  of  a  pin.  Thirty  milligrams  of 
^um  element  in  the  form  of  the  compact,  insoluble  sulphate,  will 
[*^py  a  tube  having  a  diameter  of  3  mm.  or  more  and  a  length  of  2  or 
•^  J^.  All  this  means  that  it  is  possible  with  emanation  to  obtain  a 
minute  source  of  intense  radiation.  When  treating  irregular  lesions 
^^  lesions  in  inaccessible  locations,  lack  of  weight  and  bulk  is  of  the 
utmost  importance.  If  it  is  so  desired  an  even  more  intense  and  minute 
^^^  of  radiation  can  be  had  by  resorting  to  the  active  deposit  of 
9"iek  change. 

'jadium  element,  for  practical  work,  is  supplied  as  applicators  of 
vanous  sizes  and  shapes.  The  size,  shape  and  strength  of  these  api)li- 
<^tors  are  fixed  and  cannot  be  changed  at  will  to  suit  the  requirements 
*^^  the  moment.  .It  is  true  that  a  gram  of  radium  may  be  divided  into, 
^>''20  tubular  applic*ators  of  50  mg.  each.  Sucli  tubes  laid  side  by 
•'^'^eon  adhesive  plaster  would  then  fonn  a  flat  ap])licat()r  with  a  plane 
dilating  surface.'  The  individual  tubes,  singly  or  in  c()mbinatit)n, 
^^^^  be  used  in  cavities  or  inserted  into  growths,  for  the  treatment  t)f 
'^ons  in  inaccessible  locations,  etc.  Half  or  a  third  of  the  radium 
^^ht  be  sealed  in  needles  for  insertion  into  growths.  But  these 
applicators  would  be  more  bulky  than  those  made  from  emanation 
tubes.  The  latter  can  be  ust»d  in  all  sorts  of  ways.  I'liey  (an  be 
P'^^^l  in  needles.  The  same  tubes  can  then  he  used  to  form  other 
W'icators  of  any  conceivable  size  or  shape.  It  is  customary  to  make 
12 
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a  mold  or  cast  of  the  lesion,  whether  such  lesion  is  on  the  surface  or 
in  a  cavity,  with  dental  compound.  The  tiny  emanation  tubes  are  then 
placed  in  all  the  irregularities  of  the  mold  thus  making  a  plane  radiat- 
ing surface  for  an  irregular  or  an  inaccessible  lesion.  The  mold  is  put 
in  place  and  allowed  to  remain  until  the  treatment  is  completed.  The 
flexibility  of  the  emanation  method  consists  then  in  the  fact  that  the 
siz^,  shape  and  strength  of  an  applicator  can  be  changed  at  will  in  order 
to  meet  quickly  the  requirements  of  the  moment. 

Another  important  advantage  in  emanation  therapy  is  the  fact  that 
the  element  is  not  handled.  There  is  no  danger  of  loss  by  accident 
and  fire  and  very  little  from  theft. 

The  disadvantages  of  emanation  therapy  are  matters  of  time  and 
expense.  At  least  two  or  three  hundred  milligrams  of  radium  element 
are  necessary.  While  this  will  suffice  as  a  modest  beginning  it  is  not 
economical  because  the  initial  and  maintaining  costs  of  the  emanation 
equipment  for  this  amount  of  element  is  almost  as  great  as  that  re- 
quired for  a  gram  or  two  of  radium.  In  practical  work  it  is  inadvisable 
to  attempt  emanation  therapy  with  less  than  a  gram  of  radiimi.  Some 
private  laboratories  and  hospitals  possess  several  grams  of  the  element. 
The  usual  market  value  of  radium  element  is  $125.00  per  milligram.  It 
is  necessary  to  have  a  trained  physicist  and  several  trained  technicians 
and  assistants,  and  a  complete  equipment  consisting  of  apparatus, 
instruments,  floor  space,  etc.  It  will,  of  course,  occupy  the  entire  time 
of  the  radiologist  to  supervise  such  work.  It  is  obvious,  therefore, 
that  emanation  therapy  must  be  left  to  hospitals,  radium  institutions 
and  to  private  laboratories  where  the  radiologist  is  able  to  obtain  and 
operate  the  necessary  amount  of  radium  and  equipment. 

A  radiologist  who  employs  radium  element  escapes  the  expense  of 
maintaining  an  emanation  laboratory  but  he  is  handicapped  by  the 
lack  of  flexibility.  He  fails  to  obtain  all  that  can  be  obtained  in  the 
way  of  therapeutic  results. 

Another  disadvantage  of  emanation  therapy  is  the  fact  that  the 
strength  of  the  emanation  tube  is  constantly  decreasing.  This,  how- 
ever, does  not  bother  the  physicist  or  the  trained  technician.  He  can 
calculate,  mathematically,  and  accurately,  the  exact  amount  of 
emanation  in  each  one  of  his  tubes  at  any  time.  The  emanation  tubes 
are  never  left  on  the  patient  more  than  a  few  hours  and  the  decrease 
in  strength  during  such  exposure  is  almost  negligible.  Old  tubes  (two 
and  three  weeks  old)  are  useful,  as  many  such  tubes  placed  in  an  appli- 
cator produce  an  intense  source  of  radiation. 

Emanation  Applicators. — The  preceding  pages  give  the  student  a 
fair  idea  of  how  emanation  is  applied  in  the  treatment  of  disease. 
It  now  remains  to  describe  the  actual  construction  of  an  applicator. 
There  are  no  standardized  applicators.  Each  radiologist  has  his  own 
methods  of  making  and  using  such  appliances  that  seem  best  suited  to 
his  work.  Janeway  describes  five  different  types  of  emanation  appli- 
cators used  by  him  and  his  associates  at  the  Memorial  Hospital  in 
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New  York,  These  applimtorM  are  iiifr(.-iiiiiiis,  useful,  «ii«I  answer  the 
ileiiiuiuls  c)f  pniftu-al  wurk.  The  foUowiiif;  (U-soription  of  the  appli<-a- 
tors  is  taken  pnn-tit-ally  ^■c^l^atilll  from  Jam-way's  writings: 

1 .  The  simple  ennniation  tulie».  Those  are  I  to  J-  inch  long  ami  less 
than  i  nmi.  in  diameter.  Tliey  nmy  he  inserted  into  the  tissue,  or 
laid  uiJou  it,  or  may  he  sealed  into  long  aspinitiiig  needles  (Fig.  .51,  A) 
which  oin  tlien  Iw  inserted  into  the  tissue. 


2.  Tubes  of  0.2.'>  nnn.  of  ahiminium  ur  (I.I  to  0..5  mm.  of  Oennan 
silver  for  light  filtration  and  for  protection  of  the  emanation  tul>es. 

'■i.  For  central  stnmg  application  heavier  filtration  is  as  a  rule 
desirahle  an<l  for  this  purpose,  as  well  as  for  surface  application  to 
inuLi>us  membranes,  the  platinum-iridium  tubes  (Fig,  .51,  B,  C,  I), 
K,  F.  (i)  have  been  constructed.  The  tubes  are  closed  by  two  little 
caps  which  screw  over  the  ends  (Fig.  51,  F).  Each  cap  contains  a 
threaded  socket  upon  its  distal  end,  into  which  may  be  screwed  the 
base  of  the  h<n)k,  ('.  This  hook  is  of  small  si/e  and  contains  a  very 
fine  barb.     When  the  hook  is  screwed  into  the  end  of  a  tube,  the  tube 
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may  be  liooked  upun  almotst  any  ulcer  or  muntus  surface  and  cau  lie 
relied  upon  to  retain  its  positiuii.  This  luetliix)  has  ftivcii  successful 
results  in  the  treatment  of  lesions  of  the  tonsils,  epiglottis  and  Iwick  of 
the  t(»nftue. 


i-'lii.  92.  ~A|i|)li<-uti>rs  itm'l<- 
111  owt  Ihi-  liiwiT  li|i.  nhiiwiiii 
whirh  BtM  i.viT  Ihi-  rti'ih,  tlun 
raUa  mudcfnr  filtiiiK  iiilo  ilic  i 
II  \ayvT  of  iHinilTiti 


<.r  thr  xkin. 


I. [ill 


Mon-  n'ccnil.v  Jancway  auft  his  assii 
intru-oral  and  even  intravaniiii»l  ami  in 
hehip  niaile  with  dental  uindclinn  cihiiik 
these  mollis  correspiindinf,'  to  tJic  tumors 
tnl>es  are  emlHHldcd.  Suili  appli<-atiirs 
capable  of  the  widest  application  ( l*'it;s.  ." 


-iatcs  liav.'  made  molds  of 
rjin-ctal  limior-,  tlic  molds 
imds.  Within  thr  areas  on 
properly  filinvd  otiiMiuUion 
ire  very  ^iicci-ssl'nl  iind  arc 
;  and  .'i:'.!. 
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I'latiiiuin  tiibfsor  cdiitaiiiers  are  iiiaik-  in  tbrce  sizes:  Tiiltc  I.  witli 
I  l>i>r('  of  2  mill,  ami  a  wiill  Ij  mm.  in  iliamctcr  (FifC-  ■"'!.  H).  v^iv'm\ 


approximately  the  filtration  of  8  mm.  of  lead.     Platinum  is  used  he- 
<'ausc  it  is  less  hulky  than  leail.     The  drilled  central  |Nnlinii  is  2  cm. 
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long.  A  goofl  many  w«ak  emanation  tubes  may  be  inserted  within 
tubes  of  this  size.  They  are  serviceable  for  the  administration  of 
practically  homogeneous  gamma  radiation. 

Tube  2:  A  tube  with  a  bore  of  2  mm.  and  a  wall  of  1  mm.  in  thick- 
ness (Fig.  51,  C  and  F).  Its  drilled  central  portion  is  li  cm.  This 
tube  also  can  be  filled  with  many  emanation  tubes  and  gives  a  very 
strong  dose.  The  filtration  is  equivalent  to  2  mm.  of  lead.  The  rays 
are  a  little  less  "hard'*  than  are  those  from  tube  1,  but  the  tube  is 
smaller  and  lighter  and  is  better  adapted  for  many  buccal  lesions. 

Tube  3:  The  bore  of  this  tube  is  1  mm.  and  the  walls  are  1  mm. 
thick  (Fig.  51,  I)  and  E).  Its  drilled  central  portion  is  li  cm.  long. 
The  filtration  is  the  same  as  with  tube  2,  but  it  will  accommodate  only 
one  emanation  tube.  If,  therefore,  this  container  is  to  be  the  source 
of  intense  radiation  it  must  hold  a  new  emanation  tube.  However, 
weak  emanation  tubes  may  be  used  and  the  difference  in  intensity 
made  up  by  increasing  exposure  tune,  or  several  containers  may  be 
employed.  Inasmuch  as  these  containers  are  smaller  than  the  others, 
several  of  them  may  be  placed  on  the  surface  of  a  lesion  thereby 
obtaining  a  more  uniform  distribution  of  intensity. 

This  is,  according  to  Janeway,  the  most  useful  of  all  the  containers 
used  at  the  Memorial  Hospital.  By  placing  the  tubes  ^de  by  side, 
as  already  mentioned,  a  plane  radiating  surface  is  obtained.  Used 
in  this  manner  they  form  the  most  serviceable  applicators  for  deep 
I)enetration  in  the  treatment  of  mucous  membrane  lesions.  The  small 
size  of  these  containers  makes  it  possible  to  insert  them  within  all  the 
crevices  and  irregularities  of  ulcerated  lesions  so  that  a  plane  surface 
can  be  had  for  a  lesion  of  almost  any  shape. 

Wliere  it  is  desirable  to  have  an  intense  radiation  from  a  single 
source,  as  in  the  cervix,  crateriform  ulcers,  etc.,  lead  containers  may  be 
employed.  The  lead  containers  are  similar  to  the  platinum  containers 
in  construction  excepting  that  the  caps  do  not  possess  sockets  for  the 
attachment  of  the  hooks  (Fig.  51,  H  and  I). 

4.  For  external  use  on  flat  surfaces  square  plaques  of  lead  (Fig.  54, 
A,  B,  (\  D,  E)  and  silver  (Fig.  51,  J  and  K)  are  used.  The  plaques 
are  i)  or  8  mm.  thick  and  are  drilled  with  parallel  holes  2  mm.  in  diame- 
ter (Fig.  54,  C).  A  thickness  of  2  mm.  and  3  mm.  of  lead  therefore 
(*xists  between  the  holes  and  the  surface  of  the  plaque.  The  ends  of 
the  holes,  at  the  end  of  the  plaque,  are  closed  by  end-pieces  of  2  or  3  mm. 
of  lead  (Fig.  54,  B)  and  the  plaque  and  the  end-piece  are  held  together 
l)y  a  little  box  of  aluminium  the  walls  of  which  are  5  mm.  thick  (Fig. 
54,  A,  B,  (').  Knianation  tubes  are  placed  in  the  parallel  holes  and  as 
many  plaques  as  needed  are  plactnl  together  to  cover  a  large  surface 
(Fig.  54,  F).  These  plaques  are  I  inch  scjuare,  ^  inch  square  and  I  by 
1  inch.  By  means  of  them  the  emanation  may  he  spread  out  practically 
unifonnlv  over  a  flat  surface.  The  aluminium  cuts  out  the  secondary 
rays  from  the  lead  but  in  addition,  it  is  advisable  to  separate  the 
placjues  from  the  surface  by  a  few  layers  of  gauze. 
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5.  The  fifth  fonn  of  applicator  described  by  Janeway  is  made  by 
either  combining  the  lead  plaques  (Fig.  54,  F)  or  filling  little  lead  trays 
sunk  into  a  small  board  10x12  cm.  (Fig.  55).  Because  increased 
distance  tends  to  equalize  the  distribution  of  radiation  throughout  a 
greater  depth,  applicators  that  separate  the  source  of  radiation  from 
the  lesion  or  from  the  surface  by  a  few  centimeters  are  preferable  when 
treating  lesions  situated  below  the  surface.  Figs.  65  and  50  show 
applicators  that  answer  this  purpose. 


Fio.  54.— Showing  the 
tubes  are  spread  out  ovei 
2  nun.  in  thickness  arou. 


of  the  radium  pack  liy  irhirh  matiy  o 

irface  S  I  13  cm..  and  enclosed  in  separate  plaques  of  lead 

ntraliy  drilled  holes  containing  the  tubes,      (Janeway.) 


Dosafe. — The  question  of  dosage  in  radium  therapy  is  complicated 
by  many  factors.  There  is  as  yet  no  standard  method.  The  strength 
of  emanation  tubes  and  radium  applicators  is  expresse<i  in  terms  of 
millicuries  of  emanation  or  milligrams  of  radium  element.  Quantita- 
tive estimation  is  based  on  the  electrical  effects  of  ionization  produced 
by  gamma  rays.  The  length  of  exposure  will  depend  upon  the  strength 
of  the  applicator,  its  distance  from  the  skin,  the  extent  of  treated  sur- 
face and  the  character  of  radiation  (beta  or  gamma).  The  character 
of  radiation  is  governed  by  the  filtering  material  and  its  thickness. 
The  effect  of  filtration  and  distance  will  be  discussed  later  in  this 
chapter.  Suffice  it  to  say  here  that  dosage  is  largely  a  matter  of 
experience. 
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I'aillu  liHS  attempted  to  staiulurtlize  a  unit  of  intensity  by  itit'sins  nt 
iiitiization.  This  unit  ht^t-alls  a  radkiii  (fnnn  the  roots  of  radiation  and 
ionization).  Uy  means  of  plotted  absorjition,  intensity  and  distance 
curves,  it  is  possible  to  calculate  intensity  in  tenns  of  radions  on  the 
surface  or  at  varying  depths  below  the  surface.  The  method  is 
ingenious  but  it  has  not  been  given  a  thorough  practical  test. 


r^u.  SS. — An  improved  H|>i)Upu1ur  for  Irpuling  wilh  heavily  fillcrcd  e 
B  diilBnno  frniu  thp  skiu  surtuce.  The  apiJicator  conaiste  nf  a  Imard  in  which  are 
sunk  lillle  [pad  Irnys  nf  2  mm.  lead.  Into  these  traya  large  numbers  of  old  emanation 
tubes  may  lie  pluccd.  The  upplii'ulor  measure*  12  i  10  cm.  and  is  muoh  lighCt-T  than 
that  made  of  the  leud  plaqum.  thuugh  not  so  light  as  the  pnek  made  tif  platinum  tubes. 
It  make«  a  couveiiii  ril  melhrid  of  utiliiing  -weak  i^manBtiun  luhca  fnr  a  Inng  period  bjkI 


Millicurie  Houis. — Tins  is  an  inaccurate  way  of  expressing  dosage. 
A  miilii'urie  hour  is  one  millicurie  of  emanation  applied  for  one  hour  or 
00  millicuries  ajtplied  for  one  minute,  etc.  In  designating  dosage  in 
this  manner  it  is  necessarj-  to  state  all  the  details  of  the  treatment, 
othenii.se  a  millicurie  hour  means  very  little.  When  radium  element, 
instead  of  emanation,  is  emplnyefl  the  term  milligram  hour  has  been 
used.  The.se  terms  were  once  popular  liut  they  are  used  ^ery  little 
now.  Nevertheless,  when  associated  with  proper  details  they  are 
capable   of   convejing   considerable   information.     Hence,   Janeway 
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1  the  applicators  alrt-ady  dcscribeil,  tiiuls  that  (id  ri 


hours  j>er  tube  coristitiites ; 


wfe  fin; 


.if  I  to 
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Flo.  50.— Applkstor  lomii'tl  »iih  wim.li-ii  Uufi.^.  A.  a  form  -.t  ii|ipli™ii.r  iiiuilf  <>( 
wood  2  «;iu.  Ihirk,  throueb  which  n  Iwle  oue  iurh  in  rjinniftcr  is  linlli^d.  The  fmnna- 
tiab  tuba  are  shown  adherent  to  the  adhesive  plaslcr.  eoveriiie  «ae  end  uf  thin  hoie. 
Tba  «|H!n  end  of  the  applicator  in  applied  to  the  surface  nf  <he  leBinua.  In  this  [urm  of 
ap(>liralor  aliitlitly  fillenid  ritdiuni  U  used  atid  it  fomis  u  tnethml  »f  Iretitiuti  aupcrfioial 
IcnonH  Bt  a  distance  from  the  lesion  with  xoft  ganmin  and  Vtit  riiy:',  B,  ii  rorm  of 
ap(>li»t<ir  PoDBtnirted  of  several  plU(|B  of  wmid  which  lire  drilled  In  re<*ive  1  DlOi. 
plalintini  lulies,  Theac  tubes  may  be  filled  with  Btroim  emniialiou  Iiilies  nnd  (he  nppli- 
ralor  fnnn»  H  method  of  treatiiiK  lesioos  with  evenly  diatriliiileil  mdium  rnmnatioii, 
tLnmicly  filtered,  and  yet  rimtoined  in  a  very  liieht  appliealor  wiiiiOi  may.  ther 
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are  irradiated,  the  filtration  being  1  mm.  of  platinum  and  a  thin  piece 
of  rubber,  the  applicator  being  close  to  the  skin.  A  lead  container 
2  nmi.  thick  will  allow  a  dose  of  100  millicurie  hours  per  tube.  If  the 
filter  is  0.5  nmi.  of  German  silver  the  dose  will  be  30  millicurie  hours 
per  tube.  These  doses  are  given  to  circumscribed,  superficial. lesions 
of  various  thicknesses.  When  large  surfaces  are  covered  the  total  dose 
is  usually  30  millicurie  hours.  When  the  2  mm.  lead  plaques  are  used 
it  is  safe  to  give  a  total  dose  of  300  millicurie  hours  per  square  centi- 
meter. 

For  deep  penetration  a  total  of  10,000  to  12,500  millicurie  hours 
may  be  applied  per  100  sq.  cm.,  filtered  through  2  mm.  of  lead  and  at  a 
distance  of  0  cm.  A  dose  as  high  as  18,000  millicurie  hours  at  a  distance 
of  10  cm.  is  sometimes  used.  A  centrally  placed  strong  applicator, 
filtered  through  tumor  tissue,  will  allow  a  dose  of  from  500  to  12,000 
millicurie  hours. 

RADIUM  ELEMENT  APPUCATdBS. 

Permanent  radium  applicators  are  supplied  in  various  forms — 
needles,  small  glass  tubes  and  flat  applicators.  The  content  is  a  radium 
salt,  usually  the  sulphate,  but  the  strength  is  given  in  milligrams  of 
radium  element.  In  former  years  it  was  customary  to  speak  of  thie 
strength  of  a  radium  applicator  in  terms  of  activity,  the  activity  being 
determined  by  ionization  and  compared  with  uranium  as  a  unit. 
Radium  element,  in  this  respect,  was  found  to  be  2,000,000  times  more 
active  than  uranium.  The  amount  of  radium  salt  and  its  activity  was 
found  to  be  a  poor  way  of  designating  the  strength  of  an  applicator. 

When  giving  the  strength  of  a  radium  applicator  one  should  give  the 
number  of  milligrams  of  radium  element  contained  therein,  not  the 
amount  of  radium  salt. 

Manufacturers  of  radium  applicators  certify  to  the  contents  (milli- 
grams of  radium  element)  and  supply  information  relative  to  time  of 
equilibrium,  etc.  In  addition  it  is  advisable  to  have  the  applicator 
standardized  by  the  United  States  Bureau  of  Standards.  The  National 
Bureau  will,  at  a  very  nominal  expense,  certify  to  the  equivalent  radium 
content. 

Stratton,  of  the  National  Bureau,  gives  the  following  information 
for  those  purchasing  radium : 

"  In  the  routine  testing  of  hermetically  sealed  radium  preparations, 
the  ionization  produc^ed  in  a  given  ionization  chamber  by  the  penetrat- 
ing gamma  radiation  proceeding  from  the  preparation  is  compared 
with  that  produced  under  the  same  conditions  by  the  similar  radiation 
from  a  standard  containing  a  known  amount  of  radimn.  Mesothorium 
preparations  also  emit  a  penetrating  gamma  radiation,  and  conse- 
quently by  a  single  comparison  with  the  radium  standard  in  the 
manner  just  indicated  there  is  no  means  for  distinguishing  such  a 
preparation  from  one  containing  only  radium  and  its  derivatives. 
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"  It  is  For  this  reason  that  the  usual  ratliiiiii  certifiratt'  issiieil  li.v  the 
National  Bureau  of  Htandanis  t-ontains  no  stateiiieut  L-oiicemhij!  the 
actual  amount  of  radium  contained  in  the  preparation,  hut  merely  a 
statement  of  its  equivalent  radium  content.  The  primary  object  of 
the  measurement  of  such  preparations  by  the  Bureau  is  to  insure  the 
purchaser  against  any  serious  error  in  the  radioactive  measurement  of 
the  preparation. 


"The  earnotites,  from  which  the  domestic  radium  is  produced,  are 
known  to  contain  only  a  negligible  amount  of  mesothorium.  Tests 
made  on  radium  prtMlueed  from  such  ore  gave  no  evidence  of  the 
presence  of  mesothorium,  and  were  such  as  to  indicate  that  the  meso- 
thorium present  cannot  exceed  0.2  per  cent,  of  the  radium  content  of 
the  material.  C'on.-*equently,  it  is  quite  safe  to  a,ssume  that  the  radium 
produced  from  these  deposits  will  be  practically  free  from  mesothorium 
unless  the  latter  product  is  deliberately  added.  This  is  a  matter  over 
which  the  producer  has  control  and  concerning  which  he  can  speak 
with  confidejice.     It  is  customary  tor  the  domestic  protlucers  of  niiiium 
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to  jjuarantee  that  their  imxluct  is  practically  free  from  niesothoriuiii^ 
and  such  a  guarantee  might  well  be  requested  by  the  purchaser. 

**  Although  the  examination  of  a  hermetically  sealed  radium  prepara- 
tion for  the  presenc*e  of  mesothorium  forms  no  part  of  the  routine 
measurement  of  such  materials  by  the  Bureau,  such  examination  will 
be  made  when  requested  under  conditions  that  justify  the  work. 
These  examinations  are  laborious,  require  the  opening  of  the  prepara- 
tion and  the  removal  of  some  of  the  salt,  and  involve  the  risk  of  a 
considerable  loss  of  material.  As  in  the  case  of  all  tests  made  by  the 
Bureau,  the  applicant  must  furnish  the  material  used,  assume  the  risk 
of  loss,  and  pay  a  fee  commensurate  with  the  labor  involved. 

"On  the  other  hand,  even  without  this  examination  the  purchaser 
is  not  left  entirely  to  the  mercy  of  unscrupulous  dealers.  Repeated 
gamma  ray  comparison,  using  radiations  filtered  through  different 
thicknesses  of  lead,  will  in  general  furnish  data  from  which  it  can  be 
determined  whether  much  of  the  radiation  from  the  preparation  is  due 
to  mesothorium.  Such  tests  on  sealed  specimens  are  deliberately 
made  from  time  to  time,  and  similar  but  less  complete  data  are  incident- 
ally obtained  from  many  specimens  in  the  routine  course  of  the  testing. 
In  no  case  has  such  test  revealed  to  us  the  presence  of  mesothorium  in 
any  preparation  that  has  been  submitted  to  this  Bureau  as  one  free 
from  mesothorium;  but  few  imported  preparations  have  been  so  tested. 

"Another  check  on  the  possible  presence  of  a  significant  amount  of 

mesothorium  in  a  radium  preparation  is  afforded  by  its  remeasurement. 

If  the  preparation  contains  a  significant  amount  of  mesothorium,  then 

.  a  second  measurement  made  several  months  after  the  first  will  reveal: 

"1.  A  gro^-th  in  the  intensity  of  its  radiation  if  all  radiothorium 
had  been  removed  from  the  material  shortly  before  the  first  measure- 
ment. 

**2.  Little  or  no  growth  if  the  radiothorium  was  last  removed  two 
or  three  years  before. 

**3.  A  decrease  of  the  radiation  if  the  radiothorium  had  not  been 
removed  for  over  three  vears. 

"  It  is  exident  that  unless  the  two  measurements  are  very  especially 
related  to  the  age  of  the  contained  mesothorium,  they  will  reveal  its 
presence. 

In  the  course  of  its  work,  the  Bureau  has  to  its  knowledge  re- 

^easured  forty-seven  radium  preparations  after  intervals  varying  from 

two  Weeks  to  four  years.     Preparations  from  three  domestic  producers 

j^rc  included  in  the  list.     Some  of  these  preparations  are  resubmitted 

\^    their  producers,  others  by  their  purchasers.     For  fifteen  of  the 

Pi*<?Parations,  the  interval  between  these  measurements  exceeded  six 

^'iths.     In  no  case  did  the  difference  between  the  two  measurements 

ceed  the  sum  of  the  allowable  uncertainties  of  the  two  measurements. 

-*-  ^'eptiiig  a  single  case  in  which  the  initial  determination  was  known  to 

^^'^  unusually  low  ])recision,  a  different  as  great  as  0.9  per  cent. 
'^'Uul  in  only  one  instance.     The  average  difference  was  0.:U  \>eT 
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cent.  The  second  measurement  usually,  but  not  always,  exceeded 
the  first.  This  probably  results  from  the  fact  that  in  many  cases  the 
radium  had  not  fully  attained  its  equilibrium  at  the  time  of  the  first 
measurement.  Even  thirty  days  after  the  radium  preparation  is 
sealed,  it  is  0.45  per  cent,  short  of  its  maximum  gamma  radiation. 

"Whence  it  is  seen  that  as  yet  we  have  found  no  indication  that 
any  hermetically  sealed  preparation  offered  by  a  domestic  producer  as 
a  radium  preparation  contains  an  appreciable  amount  of  mesothorium. 
Very  few  such  specimens  offered  by  small  dealers,  jobbers  or  importers 
of  radioactive  material  have  been  submitted  to  the  Bureau.  Conse- 
quently we  are  at  present  not  prepared  to  ex])ress  an  opinion  concern- 
ing the  material  obtained  from  such  sources." 

Flat  Applicators. — This  is  the  form  of  applicator  used  mostly  by 
dermatologists  or  by  radiologists  when  treating  cutaneous  affections. 
Such  applicators  range  in  size  from  a  dime  or  smaller  to  a  silver  dollar 
or  larger.  They  vary  in  shape  from  round,  oval  and  oblong  to  square. 
They  are  usually  flat,  but  concave  or  convex  applicators  can  be 
obtained.  There  are  no  flexible  radium  applicators,  excepting  tlie 
toile  type  and  those  made  of  radium  tubes.  The  applicator  is  usually 
i*omposed^  of  silver,  sometimes  backed  with  lead,  on  which  is  placed 
an  emulsion  of  a  radium  salt  in  a  special  varnish,  enamel,  or  other 
suitable  substance.  Fixing  is  obtained  by  drying  or  by  baking. 
Handles,  straight  and  curved,  and  of  various  lengths,  are  supplied. 
These  may  be  screwed  into  a  threaded  receptacle  situated  on  the 
back  or  on  one  edge  of  the  applicator. 

The  varnish  prevents  the  passage  of  the  alpha  rays  excepting  those 
that  have  their  origin  close  to  the  surfac*e.  The  varnish  absorbs,  also, 
a  certain  amount  of  the  very  **  soft*'  beta  rays.  With  these  exceptions 
such  an  applicator  is  unfiltered.  An  unfiltered  applicator  allows  the 
utilization  of  all  but  the  extremely  "soft'*  beta  rays  but  such  applica- 
tors are  not  popular  because  the  varnish  undergoes  a  chemical  change 
in  a  few  years,  becomes  brittle  and  pieces  break  off.  (Considerable 
radium  has  been  lost  in  this  manner.  Even  new  varnish  applicators 
may  be  injured  by  rough  handling  and  by  attempts  at  sterilization. 
All  t^'pes  of  applicators  should  be  watched  carefully  for  deterioration 
of  the  varnish  or  glass  and  it  is  wise  to  return  them  to  the  manufacturers 
every  few^  years  for  testing  and,  if  necessary,  to  be  made  over. 

Viol  describes  a  glazed  flat  applicator.  The  radium  sjilt  is  mixed 
^ith  lead-free  glass  (fused  silica  or  glaze)  and  fused  on  to  a  silver  plate. 
By  employing  very  little  glaze  it  is  claimed  that  there  is  no  more  filtra- 
tion than  with  varnish  and  that  such  applicators  will  last  a  much  longer 
time  and  that  they  will  not  be  injured  when  dropped  on  a  hard  floor. 

Varnish  applicators  are  often  made  with  a  covering  of  mica,  or  some 
secret  material,  or  a  very  thin  layer  of  aluminium  or  silver  foil  (0.1  mm.) 
This  prevents  possible  loss  of  radium  but  it  also  filters  out  a  certain 
amount  of  the  beta  rays.  One-tenth  millimeter  of  silver  will  ])revent 
the  passage  of  most  of  the  "soft"  beta  rays  and  it  will  absorb  about 
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actmty  of  varnished  applicators  varies  with  applicators  from  different 
dealers  and  in  some  instances  even  in  the  case  of  supposedly  identical 
appKcators  from  the  same  dealer.  This  is  partly  clue,  perhaps,  to  a 
slight  difference  in  radium  element  content,  but  it  is  probably  due 
mostly  to  the  varying  thickness  of  the  varnish,  methods  of  making  and 
dning  the  suspension,  different  kinds  of  varnish,  etc.  In  time  it  is 
possible  that  a  commission  composed  of  therapeutists,  physicists  and 
manufacturers  of  applicators  will  determine  the  best  type  of  flat 
applicator  (varnish,  glaze,  etc.),  and  standardize  its  manufacture. 


TABLE  VI1-— FLAT  RADIUM  APPLICATORS— ACTUAL  SIZE. 


MflfifnuDfl 

iklMOt. 


Double  strength. 


Full  strength. 


10 


Half  strength. 


20 


4 

Sq.  Cm. 


30 


Tofle  Applicators. — A  toile  applicator  consists  of  heavy  gauze,  linen, 
silk,  cloth  or  similar  substance  on  which  is  coated  the  radium  varnish. 
Such  applicators  are  flexible  and  permit  the  use  of  very  **soft"  beta 
ny»  and  even  the  alpha  rays.  They  do  not  last  long  and  one  is  likely 
to* lose  considerable  radium  unless  care  is  exercised.  They  are  not 
popular. 
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Bsdiiim  Tubes. — Tubular  applicators  ponsist  of  tulies  compos 
thin  soda-fflass  ha\'ing  a  dianiL'tiT  of  2  nr  -i  mm.    The  lenj;th  will 
depend  upon  tlic  anioinit  of  radium  sjilt  contained  therein.     The  in- 
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containers  supplied  with  t'\elets  to  fthith  a  thread  may  be  fastened, 
Ten,  twenty-five,  fifty  and  cine  hundred  mdhgram  tubes  are  the  ones 
(■(jinmonly  nseii. 

Needle  Applicators. — Itadium  needier  \  ar\  ui  size  from  heavy  sewing 
needles  to  aspirating  needles  depending  upon  the  amount  of  radium 
contained  therein.  The  actual  size  of  a  needle  containing  12^  mg. 
of  radium  element  is  show-n  m  Fig  (it  It  has  an  iridiuin-platinum 
point  which  does  not  become  blunt  with  use  The  needle  itself  is 
usually  composed  of  thin  silver  or  platinum.  A  metal  container, 
holding  two  or  three  of  these  needles  (Fig.  (»(>)  may  be  used  as  a  filtered 
tubular  applicator.  The  needles  po-ssess  an  eyelet  to  which  a  thread 
may  be  fastened. 


Filtration. — The  use  of  a  suitable  filter  is  of  the  utmost  importance 
in  radium  therapy.  Many  flat  applicators,  as  we  have  seen,  contain 
or  are  covered  with  material  that  will  absorb  part  or  all  of  the  "  soft" 
beta  rays  and  varying  percentages  of  the  "hard"  beta  rays;  Such 
filtering  material  will  also  absorb  the  "soft"  gamma  rays.  Tlie  walls 
of  a  glass  radium  tube  will  allow  only  the  more  penetrating  of  the 
beta  rays  to  pass.  The  same  is  true  of  the  thin-walled  needles  when 
composed  of  metals  of  light  atomic  weight. 

I'nfiltered  varnished  and  glazed  or  enameled  surfaced  ajiplicators  are 
suitable  for  the  treatment  of  cutaneous  conditions  where  the  skin  is 
only  slightly  thickened.  It  must  be  borne  in  mind  that  a  large  per- 
centage of  the  output  of  such  an  applicator  consists  of  "soft"  beta 
rays.  These  rays  are  exceedingly  active  biologically  and  they  are 
absorbed  by  a  few  millimeters  of  epithelial  tissue.  If  the  epidermis  is 
thickened  or  the  disease  is  in  the  derma,  then  a  thin  filter  is  indicated. 
If  a  filter  is  not  used  then  the  epidermis  by  absorbing  the  "soft" 
beta  rays  will  receive  a  lethal  dose  before  the  more  deeply  seated  patho- 
logical tissue  can  receive  ent>ugh  "har<l"  beta  rays  to  be  favorably 
influenced. 

When  unfiltered  applicators  arc  pliice<l  in  direct  contact  with  the 
akin  they  should  be  covered  with  thin  rubber  (ruliber  dam  used  by 
dentists)  or  oiled  silk  in  order  to  protect  them  against  secretions  and 
exudations. 
•    The  absorption  of  beta  rays  (omitting  the   "soft"   rays)   follows 
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closely  an  exponential  law.  That  is,  an  equal  thickness  of  the  same 
material  will  absorb  the  same  fraction  of  the  incident  radiation. 
Thus,  if  initial  intensity  is  cut  to  \  by  0.40  mm.  of  aluminium,  it  will 
be  reduced  to  }  by  0.80  mm.  of  aluminium  and  so  on.  It  would 
probably  require  about  5  mm.  or  more  of  aluminium  to  stop  most  of 
the  ver>'  penetrating  beta  rays.  One  centimeter  of  epithelial  tissue 
will  reduce  the  initial  intensity  of  beta  rays  of  high  velocity  to  about 
6  per  cent.,  by  absorption  alone.  There  is  a  further  loss  of  intensity 
by  distance,  which  varies  somewhat  with  the  size  of  the  applicator 
but  which  may  for  practical  purposes  be  assumed  to  vary  inversely  as 
the  square  of  the  distance.  These  facts  must  be  taken  into  considera- 
tion when  treating  superficial  conditions  with  surface  applicators. 
By  eliminating  all  but  the  more  penetrating  beta  particles  by  suitable 
filtration  it  is  possible  to  obtain  intense  beta  ray  effects  (by  sufficiently 
long  exposures)  to  a  depth  of  one  or  two  centimeters.  The  thickness 
of  the  skin  in  most  cutaneous  affections  is  within  one  centimeter  but 
many  of  the  granulomata  and  new  growths  (epithelioma,  mycosis 
fungoides,  verruca,  keloid,  etc.),  attain  a  thickness  of  several  centi- 
meters. In  such  instances  it  would  be  unwise  to  utilize  the  beta  rays 
unless  there  was  an  opportunity  to  cross-fire  or  to  insert  radium  needles 
into  the  tissue. 

If  the  condition  to  be  treated  is  more  than  one  or  two  centimeters 
below  the  surface  or  if  the  disease  extends  to  this  depth  it  is  preferable 
to  omit  the  beta  rays  entirely.  The  object  in  such  instances  is  to 
obtain  suitable  intensity  in  the  deepest  part  of  the  lesion  without  undue 
injury  to  the  more  superficial  tissue.  In  other  words,  to  obtain  a 
fairly  uniform  distribution  of  radiation  throughout  the  entire  dis- 
eased area.  The  use  of  a  heavy  filter  is  one  way  of  obtaining  this 
object. 

After  the  beta  rays  and  "soft"  gamma  rays  have  been  eliminated 
the  absorption  of  gamma  rays  obeys  an  exponential  law.  After  passing 
through  2  or  3  mm.  of  lead  or  its  filtration  equivalent,  gamma  rays  are 
almost  homogeneous.  It  will  then  require  in  the  neighborhood  of 
8  mm.  of  lead  to  cut  such  radiation  to  half  value.  This  radiation  in 
passing  through  human  tissue  obeys  the  same  law.  It  is  obvious, 
therefore,  that  if  all  the  beta  rays  and  easily  absorbed  gamma  rays  are 
omitted,  there  is  a  much  better  opportunity  of  equalizing  intensity 
throughout  several  centimeters  of  tissue.  This  does  not  take  into 
consideration  loss  of  intensity  by  distance.  It  is  a  very  uneconomical 
method  of  treatment  from  the  standpoint  of  wasted  energy,  but  it 
is  the  best  we  can  do  until  such  time  that  a  method  is  devised  whereby 
the  source  of  radiation  can  be  distributed  equally  throughout  the 
diseased  region,  allowing  the  utilization  of  the  alpha,  beta  and  gamma 
rays.  As  Failla  suggests,  this  might  be  accomplished  by  the  injection 
of  minute  insoluble  particles  containing  active  deposit. 
The  following  table  shows  the  thickness  in  millimeters  of  various 
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materials  required  to  absorb  approximately  50  and  99  per  cent,  of  beta 
radiation  from  an  unscreened  applicator. 

TABLE  VIll. 

Material.  Density.                50  per  cent.       99  per  cent. 

Water          100  1.0  8.50 

Gum  rubber 0.91-  0.93  1.0  8.50 

Bone 1.70-  2.0  0.60  5.00 

Glass  (common) 2.40-2.8  0.40  3.30 

Aluminium 2.50-  2.68  0.40  3.20 

Steel 7.83  0.14  1.15 

Brass 8.40  0.13  1.10 

Nickel 8.82  0.13  1.10 

Copper 8.85-8.94  0.13  105 

Silver 10.5  0.11  0.90 

Lead 11.37  0.10  0.80 

Mercury 13.55  0.07  0.67 

Gold 19.2^19.55  0.06      '  0.50 

Platinum 21.50  0.05  0.40 

The  exposure  time  will  vary  markedly  with  the  amount  of  filtration. 
An  unfiltered  varnished  or  glazed  applicator  that  will  provoke  an 
erythema  as  a  result  of  an  exposure  (in  contact  with  the  skin)  of  five 
minutes  will  require  something  like  an  hour  for  an  er>i:hema  if  the 
radiation  is  passed  through  from  i  to  1  mm.  of  aluminium.  Filtered 
with  2  or  3  mm.  of  lead  such  an  applicator  might  be  left  on  the  skin  for 
from  eight  to  twelve  hours.  The  increase  in  time  is  due  mostly  to 
absorption  by  the  filtering  material  but  it  is  partly  caused  by  the  fact 
that  the  interposition  of  a  substance  between  the  radiator  and  the 
skin  increases  the  distance  between  the  source  of  radiation  and  the 
skin.  The  increase  in  distance  is  at  times  quite  a  factor  as,  for  instance, 
where  2  mm.  of  lead  and  several  layers  of  wet  gauze  or  a  layer  of  chamois 
is  used. 

The  author  is  often  asked  to  describe  a  method  of  separating  and 
using  only  one  type  of  radiation.  While  this  is  an  exceedingly  elemen- 
tary question  it  seems  to  be  one  that  perplexes  a  great  many  workers  of 
limited  experience.  Alpha  rays,  of  course,  can  be  discarded  at  once 
because  almost  anything,  even  the  varnish  in  the  applicator,  will 
absorb  them.  The  beta  rays  can  be  obtained  unmixed  with  other 
t\T)es  of  radiation  by  means  of  magnetic  deflection,  but  this  is  never 
done  in  practical  work  because  there  would  be  no  advantage  in  so  doing. 
In  applying  beta  rays,  gamma  rays  also  pass  into  and  through  the 
tissues  but  the  former  are  so  much  more  numerous  and  so  much  more 
active  and  require  such  a  comparatively  short  exi)osure,  that  the 
effect  of  the  gamma  rays  is  slight.  It  is  not  possible,  in  practical  work, 
to  separate  the  **soft"  gamma  from  the  **hard"  beta  rays.  Hy  heavy 
filtration  all  radiation  is  absorbed  excepting  the  gamma  rays  of  short 
wave  length. 

It  makes  little  difference  what  filtering  material  is  cm])l()ye(l  so  long 
as  the  thickness  of  such  material  is  .sufficient  for  the  desired  effect. 
The  absorption  of  radiation  is  roughly  in  proportion  to  the  density  of 
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the  substance  through  which  the  radiation  passes.  Thus  0.05  mm.  of 
platinum,  0.10  imn.  of  lead,  0.11  mm.  of  silver,  0.13  mm.  of  brass, 
0.40  mm.  of  aluminium  and  0.40  mm.  of  lead-free  glass,  all  will  absorb 
about  the  same  quantity  of  beta  radiation.  There  is  one  advantage 
in  using  a  heavy  metal  as  a  filter — less  bulk  allows  closer  contact  of 
applicator  and  skin.  For  instance,  0.05  mm.  of  platinum  will  allow 
the  face  of  the  applicator  to  be  closer  to  the  skin  than  '^^'ill  0.40  mm. 
of  aluminium,  therefore  the  exposure  \iill  be  longer  in  the  case  of 
aluminium  than  in  the  case  of  platinum.  Thin  material  is  advantage- 
ous when  making  very  small  applicators,  such  as  needles,  tubes,  etc. 

Absorption  of  Secondary  Radiation. — ^The  heavier  metalS  give  rise  to 
secondary  gamma  and  secondary  beta  rays  when  acted  upon  by  primary 
gamma  rays.  Most  of  these  secondary  radiations  are  absorbed  by 
superficial  tissue  so  that  their  presence  tends  to  defeat  the  object  of 
filtration.  A  thin  layer  of  a  light  metal  such  as  aluminium  gives  rise 
to  very  few  if  any  secondary  rays,  therefore  it  is  customary  to  use  a 
heavy  metal  (lead,  platinum)  for  the  purpose  of  filtration  and  a  milli- 
meter of  aluminium,  soda-glass,  leather,  chamois  or  several  layers  of 
wet  gauze  to  remove  most  of  the  secondary  rays. 

The  usual  filtering  material  is  lead  when  it  is  desired  to  employ 
only  ganuna  rays.  Lead  gives  rise  to  very  "soft*'  secondary  rays. 
These  rays  effect  a  superficial  "bum''  which  is  not  very  troublesome 
and  which  heals  in  a  short  time.  It  is  this  type  of  radiodermatitis 
that  has  led  some  radiologists  to  aver  that  gamma  ray  "  bums"  are  not 
as  injurious  as  are  reactions  caused  by  roentgen  rays. 

Standard  Dosage  for  Permanent  Applicators. — It  is  not  possible  to 
standardize  radium  dosage  by  radiometric  methods  as  is  done  with  the 
roentgen  rays.  Ionization  is  used  to  determine  the  strength  of  the 
applicators  but  until  every  applicator  from  every  manufacturer  is  the 
same  in  all  its  details  the  ionization  method  cannot  be  used  to  standard- 
ize dosage.  Until  some  uniform  method  of  measurement  and  manu- 
facture is  worked  out  it  is  preferable  for  the  radiologist  to  standardize 
his  own  applicators  under  varying  conditions  on  his  own  person. 

Standardisation  by  Skin  Effects. — Cover  the  surface  of  the  unfiltered 
vamished  or  glazed  applicator  with  a  piece  of  lead  foil  1  or  2  DMn. 
thick,  and  a  thin  layer  of  aluminium  through  both  of  which  a  split- 
pea-sized  hole  is  cut.  Strap  this  to  the  flexor  surface  of  the  fore- 
arm firmly  enough  to  bring  the  actual  surface  of  the  applicator  in 
contact  with  the  skin.  For  a  full  strength  applicator  make  exposures 
of  successive  areas  for  one,  two  and  three  minutes.  Wait  two  weeks 
for  a  possible  erj-thema.  If  none  develops  proceed  as  before  up  to  an 
exposure  of  six  minutes.  Assume  that  a  five-minute  exposure  gives  a 
faint  but  definite  erythema.  Five  minutes,  unfiltered,  contact  with 
skin,  would  be  the  erythema  dose  for  this  particular  applicator.  Inas- 
much as  the  sensitiveness  of  the  skin  varies  with  age,  location,  etc., 
(see  page  2()0),  it  is  preferable  to  select  fairly  young  skin  and  because 
of  naedico-legal  possibilities  it  is  better  for  the  operator  to  experiment 
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on  his  own  person.    It  is  well  to  bear  in  mind,  too,  that  the  exposure 
will  be  a  little  less  for  the  same  effect  if  no  lead  is  used  for  protectioa. 
The  effect  is  always  a  little  more  marked  when  the  radiation  is  applied 
to  larger  surfaces  and  besides,  if  the  lead  and  aluminium  are  removed, 
the  applicator  may  come  in  closer  contact  vnth  the  skin. 

In  the  same  manner  the  erj-thema  dose  is  ascertained  for  flat  applica- 
tors screened  with  various  thicknesses  of  aluminium  and  lead  or  th^^^ 
equivalents  in  other  metals,  care  being  taken  to  absorb  the  seconda 
rays  when  the  heavy  metals  are  used.    Tubular  applicators  and  needl- 
are  tried  out  in  the  same  way.    The  applicators  should  be  tested  singly 
and  in  combination,  in  contact  with  the  skin  and  at  varWng  distanr^^ 
from  the  skin.    When  attempting  to  determine  the  saturation  dose  l^^ 
hea\'ily  filtered  radium,  caution  must  be  exercised  as  here  the  effect     ^^ 
not  only  on  the  skin  but  on  the  deeper  tissues.     Janeway*s  system  ^^ 
dosage  in  emanation  therapy,  quoted  in  this  chapter,  will  help  tt^-  * 
beginner  if  it  is  recalled  that  1  milligram  of  radium  element  has  aboi^^ 
the  same  value  as  1  millicurie  of  radiimi  emanation  if  used  under  similai^  ^ 
conditions.    After  the  saturation  dose  has  been  determined  the  tim-^^ 
of  exposure  may  be  dixided  for  fractional  doses.    The  use  of  anima^  ^ 
skin  for  standardization  will  not  do  because  of  the  enormous  differenc^^ 
in  sensitiveness  between  human  skin  and  that  of  the  lower  animals. 

Treatment  of  Deep-seated  Lesions. — ^The  treatment  of  very  thick:^ 
lesions,  lesions  under  the  skin  and  lesions  at  still  greater  depths,  offers^ 
a  problem  in  radium  therapy  that  has  not  yet  been  entirely  solved. 
The  aim  is  to  administer  a  dose  sufficient  for  the  desired  effect  at  a  cer- 
tain depth  without  undue  injury  to  the  intervening  tissue.  There  are 
three  ways  in  which  this  result  may  be  obtained  to  a  certain  degree — 
1,  filtration;  2,  distance;  3,  cross-fire. 

1.  Filtration  has  been  discussed  already  in  this  chapter.  Suffice  it 
to  say  here  that  the  screening  material  should  consist  of  from  1  to  3  mm. 
of  lead  or  its  filtration  equivalent  in  some  other  metal.  The  lead 
should  be  covered  with  aluminium,  glass,  chamois  or  rubber  in  order 
to  absorb  the  "soft"  secondary  rays. 

2.  The  effect  of  distance  is  discussed  on  page  165  in  connection  with 
the  roentgen  rays.  The  same  theory  holds  for  radium.  In  some 
respects  the  distance  factor  is  more  important  in  radium  therapy  than 
in  roentgen  therapy.  In  the  latter  the  source  of  radiation  is  always 
from  a  distance  and,  furthermore,  it  is  from  a  small  point.  With 
radium,  except  when  using  very  small  tubular  applicators,  the  source  is 
not  from  a  single  point,  (ilazed  and  varnished  applicators  and  flat 
ai)plicat()rs  made  of  a  immber  of  radium  or  emanation  tubes  pro\ide 
a  plane  surface  of  radiation.  From  a  small  source  intensity  varies 
inversely  as  the  square  of  the  distance.  While  this  law  is  not  strictly 
correct  for  a  plane  radiating  surface,  yet  for  practical  purposes  it  may 
be  said  to  hold  true.  A  plane  surface  is  composed  of  multiple  minute 
sources  of  radiation  and  the  total  effect  can  be  determined  by  the 
mathematical  process  of  integration.    Assuming,  therefore,  that  the 
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uiN-erse  square  law  holds  for  any  radium  applicator,  distance  becomes 
an  important  factor  when  attempting  to  obtain  equal  intensity  through- 
out several  centimeters  of  tissue. 

As  an  illustration  let  us  assume  a  tumor  1  cm.  thick  situated  3  cm. 

under  the  skin.    The  radium  applicator  is  placed  at  a  distance  of  6  cm. 

from  the  skin.    The  distance  between  the  source  of  radiation  and  the 

Wermost  layer  of  pathological  tissue  will  be  10  cm.     Bearing  in  mind 

the  inverse  square  law,  intensity  at  the  skin  compared  ^-ith  intensity 

at  tumor  is  as  100  is  to  36 — approximately  3  times.    Now  place  the 

applicator  at  a  distance  of  1  cm.  from  the  skin.     Intensity  at  skin 

compared  with  intensity  at  tumor  is  as  25  is  to  1 — 2o  times.    This 

shows  a  marked  increase  in  the  relative  amount  of  radiation  received 

by  the  skin  as  compared  with  that  received  by  the  tumor.    If  the 

applicator  is  placed  in  contact  with  the  skin  or  within  1  or  2  mm.  of  the 

skin,  the  amount  of  radiation  received  by  the  skin  as  compared  to  that 

received  by  the  tumor  will  be  very  greatly  increased. 

The  effect  of  absorption  by  air  and  by  intervening  tissue  is  omitted 

in  this  discussion  of  the  effect  of  distance.    This  phase  of  the  subject 

has  been  considered  elsewhere  in  this  chapter.    With  gamma  rays  of 

short  wave  length  the  loss  by  absorption  in  the  air  is  negligible.    The 

a-hsorption  by  tissue  is  practically  exponential  and  is  not  very  great 

tor  a  few  centimeters.    It  requires  something  like  10  cm.  of  average 

human  tissue  to  reduce  heavily  filtered  gamma  radiation  to  half 

wteiisity.    The  next  10  cm.  would  reduce  intensity  to  25  per  cent,  of 

fhe  initial  energy,  etc.    It  should  be  obvious  that  the  distance  factor 

^  of  the  utmost  importance  in  treating  lesions  below  the  surface.     It 

Permits  of  a  useful  amount  of  radiation  to  reach  a  subcutaneous  tumor 

^thout  destroying  or  injuring  the  intervening  tissues.     Many  types  of 

*ncer  are  four  times  more  susceptible  to  irradiation  than  is  nonnl 

kmnan  tissue.     By  suitable  filtration  and  distance  it  is  possible  to 

wtam  four  times  the  biologic  effect  on  a  subcutaneous  tumor  than  on 

the  overlying  tissue.    Increasing  the  distance  will,  of  a)urse,  increase 

the  time  of  exposing.    The  increase  in  time  will  be  roughly  as  the 

square  of  the  distance.    That  is  the  exposure  time  will  be  four  tunes 

B^ter  at  a  distance  of  2  cm.  than  at  a  distance  of  1  cm.    This  is  a 

SDiall  item  when  using  emanation  as  the  applicator  can  be  increased 

sufficiently  in  strength  to  compensate  for  loss  by  distance.     But  for 

t**08e  who  have  only  a  few  flat  or  tubular  radium  a])plicators  the 

"^^''case  in  exposure  time  asswiated  with  increased  clistance  is  an 

•'"K)}ing  handicap. 

3.  The  subject  of  cross-fire  is  discussed  in  Chapter  XIX.  It  is  possible 
t<>  utilize  cross-fire  oftener  and  to  greater  advantage  in  radium  therapy 
J™  in  roentgen  therapy.  Tumors  that  are  elevated  above  the  sur- 
'we  may  be  literally  covered  with  tubular  ai)plicators.  Lesions  or 
t'^tors  situated  on  or  in  the  ear,  lip,  tongue,  fingers,  etc.,  may  be 
"^f^ounded  with  applicators.  Cross-fire  also  includes  the  use  of  radium 
^^^^dles  and  the  insertion  of  tubes  at  various  i)oints  within  a  tumor. 
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treatment  of  Flat  Surfaces. — Flat  applicators  are  most  convenient 
when  the  surface  to  be  treated  is  flat.  If  the  lesion  is  smaller  than  the 
applicator  the  normal  skin  should  be  protected  by  means  of  lead  foil. 
If  the  applicator  is  smaller  than  the  lesion  two  or  more  applicators  may 
be  used  at  one  time  or  one  applicator  can  be  made  to  cover  the  neces- 
sary territory  by  successive  exposures  to  different  parts  of  the  lesion, 
care  being  taken  to  avoid  overlapping.  If  the  lesion  is  superficial,  the 
flat  p)ermanent  applicator  may  be  applied  in  direct  contact  with  the 
skin.  If  the  disease  extends  to  a  considerable  depth  the  applicator 
should  be  held  at  a  distance  of  from  one  to  six  centimeters.  Radium 
tubes  and  emanation  tubes  can  be  placed  in  parallel  series  on  zinc 
plaster  or  in  applicators  such  as  those  mentioned  in  an  earlier  part  of 
this  chapter.  A  plane  radiating  surface  can  thus  be  created.  When 
using  tubular  applicators  in  this  manner  it  is  customary  to  leave  a 
space  of  from  |  to  J  inch  between  the  tubes  and  to  have  the  radiating 
surface  at  a  little  distance  from  the  skin.  This  is  for  the  purpose  of 
obtaining  a  more  uniform  intensity  at  the  skin  surface  and  also  a  more 
uniform  distribution  of  radiation  throughout  the  pathological  tissue. 
Finally,  as  already  mentioned,  it  is  possible  to  obtain  flat  applicators 
of  the  active  deposit  of  quick  change. 

Treatment  of  Convex  Surfaces. — Convex  and  irregular  surfaces  are 
difficult  to  treat  unless  one  is  well  equipped  with  tubular  applicators — 
emanation  or  radium  element.  Convex  lesions  of  large  dimensions 
may  be  treated  by  using  flat  applicators,  such  applicators  being  placed 
all  over  the  tumor,  preferably  at  a  little  distance  from  the  surface.  It 
is  much  easier,  however,  to  use  parallel  series  of  tubes  on  zinc  plaster. 
A  still  better  method,  especially  if  the  lesion  is  very  irregular,  is  to  make 
a  cast  of  the  lesion  with  dental  compound,  place  the  tubes  at  proper 
intervals  and  depths  in  the  cast  and  place  the  latter  on  the  lesion. 
This  method  is  particularly'  applicable  to  lesions  situated  in  such 
cavities  as  the  mouth,  external  auditory  meatus,  vagina,  etc.  Finally, 
radium  needles  may  be  inserted  at  proper  distances  throughout  the 
tumor.  An  operator  working  with  one  or  two  tubes  is  at  a  disad- 
vantage, but  the  surface  can  he  covered  by  making  successive  exposures. 

Treatment  of  Concave  Surfaces. — ^'uch  surfaces  are  best  treated  with 
tubular  applicators,  preferably  in  connection  with  the  dental  com- 
p)ound.  In  the  case  of  erateriform  lesions  one  or  more  tubes  may  be 
inserted  into  the  cavity,  vertically.  Flat  radium  applicators  can  be 
utiUzed  if  the  lesion  is  a  large  one,  but  usually  some  fonn  of  tubular 
applicator  (zinc  plaster  flexible  applicator)  is  required. 

It  is  impossible  to  give  all  the  details  relative  to  the  treatment  of 
lesions  of  various  shapes  and  sizes.  The  requirements  will  differ  with 
almost  every  case  and  will  vary  according  to  the  equii^ment.  The 
radiologist  who  uses  emanation  will  have  the  least  difficulty,  and  he 
who  has  a  large  amount  of  radium  in  tubular  api)licat()rs  will  have  less 
trouble  than  the  radiologist  who  possesses  a  small  amount  of  radium 
divided  between  three  or  four  flat  and  tubular  applicators.     It  is  neces- 
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sar\'  to  use  ingenuity  and  judgment  and  not  attempt  the  impossible 
Hith  inadequate  equipment. 

Intervals  Between  Treatments. — This  subject  is  discussed  in  Chapter 
XIX  in  coimection  \*ith  roentgen  therapy ;  there  is  very  little  to  be  added 
here.  It  seems  to  be  the  consensus  of  opinion  among  radium  thera- 
peutists that  inter\'als  of  from  three  to  eight  weeks  should  elapse 
between  intensive  applications  of  gamma  rays,  providing  there  is  no 
e\'idenee  of  injury  to  normal  tissue.  Fractional  applications  follow 
the  same  general  rule  as  given  in  Chapter  XIX. 

Protection. — For  complete  protection  all  radium  applicators  when  not 

in  use,  should  be  surrounded  bv  lead  of  a  thickness  of  several  centi- 

meters.    It  requires  30  cm.  of  lead  to  completely  absorb  the  most 

penetrating  gamma  rays.    When  in  use  the  radiating  surface  when 

pK>ssible,  should  be  backed  by  a  thick  layer  of  lead.     This,  however, 

is  not  always  practicable.     In  any  event  the  operator  or  assistant 

should  remain  at  a  distance  of  several  feet  or  preferably  in  another 

room,  during  the  greater  part  of  the  exposure.     It  is  not  wise  and  very 

seldom  necessary  for  the  operator  to  hold  the  radium  on  the  lesion.     It 

can  be  held  on  by  the  patient,  fixe<i  in  place  by  zinc  plaster,  dental 

c-ornpound,  etc. 

The  radiologist  should  not  handle  the  applicators  with  the  fingers. 
Flat  applicators  can  be  removed  from  the  case  and  applied  to  the 
patient  by  means  of  handles  supplied  for  this  purpose.  Tubular 
applicators  can  be  handled  and  manipulated  with  a  pair  of  suitable  forceps. 
In  instances  where  it  is  necessary  for  a  technician  to  hold  the  appli- 
cator in  place,  the  applicator  should  be  backed  with  heavy  lead  and  the 
ra<liating  surface  pointed  away  from  the  operator. 

Care  should  be  taken  not  to  have  photographic  material,  unless 
suitably  protected,  in  the  vicinity  of  radium  applicators. 

Equpment. — This  will  depend   upon  the  magnitude  of  the  work 

attempted.     If  radium  is  to  be  used  solely  and  extensively  it  will  he 

ad^^sable  to  install  an  emanation  outfit,  a  gram  of  radium,  and  obtain 

the  serxices  of  a  competent  physicist  and  technician.     If  combined 

therapy  is  anticipate — roentgen  therapy  and  radium  therapy — but 

still  on  a  large  scale,  one  or  two  hundred  milligrams  of  radium  clement 

di\'idedinto  needles  and  tubular  applicators  with  perhaps  two  or  three 

flat  applicators   will  suffice.     In  dermatological  practice  (combined 

therapy)  one  may  begin  very  modestly  with  a  fiat  applicator  of  full 

strength  and  gradually  increase  the  number  of  applicators  according 

t^<^ requirements  and  financial  possibilities  (Chapter  XIX). 
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CHAPTER  XIII. 

CHEMICAL,  BIOCHEMICAL  AND  BIOLOGICAL  EFFECT 

OF  Z-RAYS  AND  RADIUM. 

CHEMICAL  ACTION. 

Both  ar-rays  and  radium  rays  are  able  to  effect  alterations  in  ele- 
mentary substances  and  in  simple  and  complex  organic  and  inorganic 
compounds.  The  chemical  change  is  one  of  oxidation  but  the  actual 
physical  process  is  atomic  as  well  as  molecular  and  is  apparently 
brought  about  through  the  process  of  ionization.  The  chemical  action 
of  radium  is  greater  than  that  of  the  x-rays  because  of  the  marked 
chemical  activity  of  the  alpha  and  beta  rays.  Silver  bromide  is 
reduced  to  metallic  silver  (photographic  action);  platinocyanide  of 
barium  is  changed  from  the  crystalline  to  the  amorphous  state  with 
consequent  change  in  color  (dehydration);  iodoform  in  chloroform 
undergoes  a  color  change  and  free  iodine  is  liberated.  Alpha  rays, 
particularly,  are  able  to  oxidize  such  metals  as  mercury,  aliuninium, 
lead  and  platinum.  Radium  dissolved  in  a  weak  solution  of  hydro- 
chloric acid  liberates  free  hydrogen  and  chlorine,  also  oxygen  and 
hydrogen.  Gaseous  compounds  are  decomposed,  ammonia  yielding 
hydrogen  and  nitrogen;  carbon  monoxide,  carbon  and  oxygen,  etc. 
Not  only  are  complex  molecules  broken  down  but  also  they  are  built 
up  through  the  process  of  synthesis,  nitrogen  and  hydrogen  forming 
ammonia;  carbon  and  oxygen  combining  to  produce  carbon  monoxide, 
etc.  Lubricants,  paraffin,  wax,  paper  and  even  the  higher  fatty 
acids  are  decomposed  by  prolonged  exposure  to  alpha  and  beta  rays. 
Both  a'-rays  and  radium  rays  will  discolor  glass  and  make  it  brittle. 

BIOCHEMICAL  ACTION. 

Considerable  experimental  work  has  been  done  by  biologists  and 
physiological  chemists  in  an  attempt  to  determine  the  action  of  radium, 
particularly  alpha  and  beta  rays,  on  the  higher  fatty  acids,  organic 
colloids  and  enzymes.  Schwarz  observed  a  decomposition  of  lecithin 
upon  which  was  based  the  so-called  lecithin  theory.  His  observations, 
however,  have  been  corroborates!  by  only  two  or  three  out  of  many 
experimenters.  A  number  of  investigators  have  shown  that  both 
radiiun  and  a:-rays  possess  the  property  of  modifying  tlie  production 
and  the  action  of  some  enzymes  and  ferments.  Inasmuch  as  cells 
contain  a  great  many  kinds  of  enzjTnes  wliich  are  necessary  to  their 
growth,  reproduction  and  function,  it  is  obvious  tliat  a  knowledge 
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relative  to  the  eflfect  of  radiation  on  these  important  substances  is  of 
the  utmost  importance.  Work  has  been  done  on  many  enzjTnes — 
pepsin,  trypsin,  ptyalin,  amylopsin  and  substances  such  as  fertilizin 
which  probably  contain  enzjmotic  bodies.  The  findings  of  various 
workers  are  not  in  accord,  but  the  opinion  seems  to  prevail  that  small 
doses  accelerate  and  large  doses  inhibit  the  production  and  action  of 
these  substances.  Many  believe,  also,  that  autolytic  or  katabolic 
enzymes  are  more  easily  affected  than  those  of  opposite  or  synthesizing 
function. 

Slight  changes  have  been  noted  in  globulin  and  nucleo-albumin,  the 
alteration  being  apparently  physical  rather  than  chemical.  Solutions 
of  starch  are  changed  to  dextrin  and  soluble  starch. 

Microorganisms. — Considerable  experimentation  has  been  conducted 
to  show  the  effect  of  radium  and  a--rays  on  animal  organisms  such  as 
the  protozoa,  bacteria,  etc.,  while  the  vegetable  fungi  have  apparently 
been  neglected.  The  protozoa  and  organismsof  this  type  are  resistant 
to  irradiation,  the  lethal  dose  being  a  large  one.  Broadly  speaking 
the  most  sensitive  cells  seem  to  be  those  containing  a  more  fluid  proto^ 
plasm  and  low  chlorophyl  content.  In  general  the  polynucleated  forms 
are  more  readily  affected  than  are  the  mononucleated.  The  activity 
of  the  sensitive  types  is  stimulated  by  small  doses,  but  with  increased 
exposure  they  become  lethargic,  fail  to  reproduce  and  finally  die. 

Bacteria. — ^The  literature  contains  very  few  recent  references  of 
carefully  controlled  experiments  with  ar-rays  or  gamma  rays.  Most 
of  the  references  found  are  old  and  with  few  exceptions  they  give 
negative  results.  (Uieder,  Kudis-Jicinsky,  Berton,  Minck,  Wittlin, 
Blaize  and  Sambuc,  Bergoni6  and  Mongour,  Smith,  Lyon,  Delepine, 
Wolfenden  and  Ross,  Zeit  and  others.)  Considerable  work  has  been 
done  with  the  alpha  and  beta  rays.  These  rays  are  able  to  interfere 
markedly  with  cultures  even  to  the  point  of  complete  destruction. 
The  effect  is  due  entirely  to  the  action  of  the  rays  on  the  organisms, 
not  on  the  medium.  Chambers  and  Uuss  sterilized  cultures  of  the 
following  bacteria  by  employing  0.5  millicurie  per  cubic  centimeter. 
The  suspension  of  the  organisms  in  culture  was  approximately  one 
million  per  cubic  centimeter: 

Bacillus  coli  commuiiis 1  hour,  5  minutes 

Staphylococcus  aureus 2  hours 

Bacillus  pyocyaneus 3  hours,  10  minutes 

Becillus  anthracis 3  hours,  20  minutes 

Bacillus  tul)erculosis 4  hours 

The  lethal  dose  of  beta  rays  will  be^  in  all  probability,  worked  out 
eventually  for  all  the  important  bacteria  in  culture  and  experiments 
will  undoubtedly  be  made  to  determine  the  effect  of  irradiation  on 
bacteria  inhabiting  human  tissues.  At  present  about  all  that  can  be 
said  is  that  large  doses  of  beta  rays  ^ill  kill  bacteria  in  culture  to  a 
depth  of  about  2  mm.  of  gelatine.  In  other  words  it  is  the  "soft" 
beta  rays  that  seem  to  be  most  effective.    The  fact  that  the  result  is 
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obtained  by  beta  rays  of  very  little  penetrating  power  and  that  the 
lethal  dose  is  a  large  one  suggests  that  the  effect  of  radiation  on  bacteria 
is  of  no  value  in  the  treatment  of  disease.  But  it  must  be  remembered 
that  beta  rays  are  produced  in  the  tissues  during  the  passage  of  gamma 
and  a;-ravs.  It  mav  be,  therefore,  that  the  direct  bactericidal  action 
of  radiation  is  of  therapeutic  importance. 

EMBRTOLOQT. 

A'-rays  and  radium  exert  a  most  profound  influence  on  all  developing 
forms  of  animal  life.  Extensive  work  has  been  done  by  a  large  number 
of  scientists  on  the  ova  and  larv«  of  echinodermata,  nematoda,  mol- 
lusca,  planorbis,  fishes,  amphibia,  birds,  insects  and  mammals.  The 
result  depends  both  upon  the  dose  and  the  stage  of  development. 
Broadly,  a  cell  undergoing  division  or  about  to  do  so  is  very  easily 
modified.  During  the  rest  stage  a  comparatively  large  dose  is  required. 
A  small  dose  accelerates  the  rate  of  subsequent  division  while  large 
doses  retard  or  inhibit.  Microscopically,  a  marked  disturbance  is 
found  in  the  nucleus,  esp)ecially  in  the  chromatin.  Not  only  can  growth 
be  accelerated  or  inhibited,  but  by  modifying  the  ovum  in  a  very  early 
stage  of  development,  subsequent  cells  inherit  abnormal  charac- 
teristics resulting  in  a  faulty  development  of  the  animal  as  a  whole. 
The  result  may  be  a  monstrosity  or  the  underdevelopment  or  over- 
development may  be  confined  to  one  small  part. 

It  is  possible  to  arrest  development  of  any  one  part  of  an  animal  as, 
for  instance,  a  limb,  by  confining  the  exposures  to  this  part,  administer- 
ing large  doses,  and  employing  very  young  subjects.  Long  ago  atten- 
tion was  called  to  the  danger  of  applying  long-continued  treatment  to 
the  epiphysial  regions  in  young  children.  While  this  possibility  must 
be  borne  in  mind  it  is  exceedingly  doubtful  if  an  amount  of  radiation 
sufficient  to  retard  development  would  ever  be  administered  in  the 
treatment  of  disease  with  the  possible  exception  of  tuberculosis.  In 
twenty  years  of  practical  roentgenology  no  (rases  of  arrested  develop- 
ment have  been  recorded.  In  experimental  work,  if  the  development 
of  some  important  organ  is  interrupted — as,  for  instance,  the  brain, 
the  effec*t  will  be  noted  in  other  parts  of  the  body.  It  has  been 
suggested  that  the  o'-rays,  as  administered  to  the  scalp  in  the  mixlern 
treatment  of  tinea  tonsurans,  a  disease  occurring  at  any  age  under  that 
of  puberty,  might  pnxluce  immediate  or  remote  injurious  results. 
Such  treatment  has  been  administered  to  thousands  and  thousands  of 
children  over  a  course  of  fifteen  years  and  no  injurious  results  have 
been  noted — the  dose  reaching  the  brain  is  entirely  too  small  for  any- 
thing more  than  a  possible  slight  stimulation. 

Intense  irradiation  of  pregnant  small  animals  (guinea-pigs  and 
rabbits)  results  in  retarded  growi:h  of  the  fetus  and  usually  the  birth 
of  a  dead  fetus.  The  result  will  naturally  depend  largely  upon  the  age 
of  the  fetus.     If  well  developed  it  will  respond  in  a  manner  similar  to 
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an  adult;  if  embryonic  the  change  will  be  in  relation  to  the  dose  and  to 
the  stage  of  development — retardation,  irregularities,  inhibition.  The 
effect  on  the  adult  is  largely  confined  to  the  lymphatic  system.  It  is 
possible  to  kill  mature  small  animals  with  large  doses  and  it  is  not 
improbable  that  death  is  the  result  of  this  action  on  the  hematopoietic 
system. 

Edelberg  administered  146  X  in  the  course  of  three  months  (filtered) 
to  the  abdomen  of  a  woman,  by  the  cross-fire  method,  in  the  treatment 
of  visceral  cancer.  Pregnancy  occurred  during  the  treatment,  the 
last  35  X  being  given  after  conception  occurred.  A  perfectly  normal 
baby  was  bom  at  term. 

Plant  Life. — It  is  interesting,  though  not  surprising,  to  know  that  the 
effect  of  x-rays  and  radium  in  the  vegetable  kingdom  is  similar  to  that 
in  the  animal  kingdom.  Here,  too,  the  result  depends  upon  the  dose 
and  the  stage  of  development.  It  is  possible  to  stimulate  growth,  to 
retard  growth,  to  prevent  fertilization  and  to  effect  complete  arrest  of 
development,  just  as  in  animal  life.  The  alpha  and  beta  rays  are  most 
effective  and  seeds  in  the  active  stage  are  more  susceptible  than  those 
in  the  resting  stage.  To  add  to  the  analogy  Levin  found  that  the 
development  of  crown  gall,  a  growth  in  plants  due  to  bacteria  and 
composed  of  a  rapid  proliferation  of  young,  undifferentiated  cells  and 
which  is  analogous,  histologically  and  in  other  ways,  to  human  cancer, 
could  be  prevented  by  suitable  exposure  to  x-rays. 

Schwarz  found  that  yj  X  caused  beans  to  grow  rapidly.  Double  the 
dose  retarded  growth.  The  effect  was  the  same  whether  the  x-rays 
were  applied  before  the  beans  were  planted  or  after  they  began  to 
sprout.  The  result  was  similar  in  the  case  of  beans  exposed  four  weeks 
after  planting  but  those  exposed  eight  weeks  after  planting  did  not 
show  nearly  the  same  degree  of  sensitiveness.  Promsby  and  Dreyon, 
and  Hussakof  obtained  similar  results.  Hussakof 's  article  deals  with 
both  plants  and  animals  and  contains  a  good  bibliography. 

Biological  Explanation  of  the  Effect  of  X-rajrs  and  Radium. — Numerous 
attempts  have  been  made  to  explain  the  phenomena  subsequent  to 
irradiation  of  normal  and  pathological  tissue.  The  microscope  shows 
many  of  the  histogenetic  phenomena  but  the  morphological  picture  fails 
to  explain  the  fundamental  changes.  The  physiological  chemist  has 
demonstrated  important  biochemical  alterations  and  the  physicist 
has  shown  us  that  most  of  the  changes  produced  by  these  agents  are 
atomic — a  process  of  ionization.  What  takes  place  in  the  cell,  how  and 
why?  Three  hypotheses  have  been  advanced  in  answer  to  these 
questions: 

1.  Lecithin  Hypothesis. — Schwarz  found  that  egg  yolk  was  decom- 
posed after  irradiation  and  he  believed  that  the  large  lecithin  content 
had  been  altered.  As  lecithin  is  an  important  constituent  of  the 
animal  cell  any  alteration  in  amount  or  composition  of  this  substance 
might  well  modify  the  ordinary  course  of  development.  He  believed 
that  the  changes  in  the  chromatin  as  revealed  by  the  microscope  were 
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secondary  to  a  primary  decomposition  of  the  lecithin.  Suffice  it  to 
say  here  that  recent  experiments  have  not  only  failed  to  corroborate 
the  h^-pothesis  but  have  forced  it  to  the  background. 

2.  Chromntin  Hypothesis. — ^This  theory  was  developed  by  the  three 
Hertwigs  and  is  based  on  ver>'  extensive  and  intensive  laboratory  work. 
They  demonstrated  that  the  only  cell  structures  to  be  visibly  damanged 
were  the  chromatin  and  the  chromosomes.  The  spindles,  asters, 
centrosomes,  etc.,  were  apparently  unaltered.  From  this  the  Hertwigs 
deduced  that  the  chromatin  was  directly  injured  by  the  radiation,  that 
it  was  the  primary  injury  and  all  subsequent  developments  were 
consequent  to  it.  Later  etiological  investigation  has  demonstrated 
that  cell  organisms  other  than  chromatin  and  chromosomes  are  altered, 
also  that  there  are  important  biochemical  changes  occurring  in  the 
cell  which  apparently  precede  the  morphological  alterations. 

3.  Enzymatic  Hypothesis, — Packard,  who  is  responsible  for  this 
theory,  bases  the  hj-pothesis  partly  on  personal  cytological  research  and 
on  the  known  facts  relative  to  the  action  of  radium  on  certain  enzymes 
which  are  present  in  all  cells.  He  observ-ed  that,  morphologically, 
several  of  the  cell  organs  showed  marked  changes  from  the  normal  and 
in  a  manner  that  suggested  indirect  rather  than  direct  action.  He  is 
of  the  opinion  "that  the  radium  radiations  act  indirectly  on  the 
chromatin  and  protoplasm  by  activating  autolytic  enzymes  which 
bring  about  a  degeneration  of  the  complex  proteids  and  probably  by 
affecting  other  protoplasmic  processes  in  the  same  manner." 

There  is  e\'idence  in  support  of  the  enzyme  modifiability  theory 
among  which  is  Richard's  work  on  enzymes  and  especially  on  fertilizin. 
This  is  about  as  far  as  we  can  go  in  biological  theory.  We  know  that 
young  cells,*  embryonic  cells,  cells  that  are  undergoing  rapid  multiplica- 
tion, undifferentiated  cells,  and  actively  secreting  cells  are  more 
sensitive  to  radiation  than  are  mature,  differentiated  and  inactive  cells. 
It  is  believed  that  all  the  phenomena  subsequent  to  radiation  are 
atomic.  It  may  be  that  the  final  explanation  will  be  based  on  physical 
or  chemical  knowledge;  that  it  is  the  disintegration  of  the  atom  by 
ionization  in  the  chemical  constituents  of  the  cell  that  produce  the 
morphological  changes.  And  that  it  is  the  stability  of  the  atom  and 
the  time  of  its  disintegration  in  relation  to  the  etiological  process 
that  governs  the  subsequent  obsers'able  alterations. 
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'^^rine  fibroid  as  originally  conceived  by  Albers-Schonberg,  Haenish, 

^^^ier  and  the  staflf  of  the  Freiburg  Clinic.    It  is  possible  to  effect 

^^   artificial  menopause  by  the  application  of  ar-rays,  radium  or  a 

^^tnbination  of  the  two  agents,  without  apparent  injury  to  the  skin 

^^  other  abdominal  tissues.    The  amount  of  irradiation  necessary  in 

^^e  treatment  of  cutaneous  affections  is  never  sufficient  to  bring  about 

^erility  nor  to  endanger  the  ovaries.    Female  technicians,  however, 

^^ould  be  adequately  protected. 

BLOOD  AND  HEMATOPOIETIC  SYSTEM. 

It  has  long  been  known  that  the  ar-rays  are  capable  of  reducing  the 
leukocytic  count  in  leukemia.  This  fact  was  first  noted  by  Senn  in 
1903.  Very  soon  the  disease  was  being  more  or  less  successfully  treated 
byPancoast,  Pf abler,  Goldhorn  and  others.  It  was  soon  observed  that 
the  enlarged  leukemic  spleen  and  glands  were  reduced  and  later,  that 
the  ^andular  h^^rplasia  of  Hodgkin's  disease  could  be  controlled, 
also  that  the  cutaneous  lesions  of  mycosis  fungoides  and  leukemia 
cutis  would  quickly 'disappear  under  the  influence  of  roentgenization. 
In  other  words  it  was  determined  by  clinicians  that  the  j:-rays  were 
able  to  markedly  influence  pathological  lymphoid  tissue. 

This  information  caused  considerable  perturbation  among  roentgen- 
ologists with  the  result  that  practically  all  a;-ray  workers  had  their  blood 
examined.  The  result,  fortunately,  was  of  such  nature  as  to  negative 
the  justifiable  alarm.  There  were  a  few  instances  of  lowered  red  cell 
and  leukocytic  counts  but  the  variations  in  this  respect  mnong  roentgen- 
ologists were  no  greater  than  among  average  indixiduals  of  various 
occupations.  In  this  connection  Schwarz  avers  that  he  found  e\ddence 
of  mjury  to  the  hematopoietic  system  in  10  roentgenologists  who  had 
been  exposed  to  the  ar-rays  over  long  periods  of  thne.  lie  also  cites 
2  fatal  cases  of  leukemia  in  x-ray  workers  and  1  case  in  a  chemist 
engaged  in  the  production  of  radium.  Mottram  and  Clarke  found 
leukopenia  in  persons  who  handle  radium. 

Thanks  to  the  careful  experimental  work  of  Ilelber  and  Linser, 
Benjamin,  Reuss,  Sluka  and  Schwarz,  Tartarsky  and  others,  it  is  now 
l^^HJwn  that  very  large  doses  of  arrays  administered  to  small  animals 
^  niarkedlv  decrease  the  number  of  leukocytes  in  the  (arculatinK 
Wood.  In  fact,  if  the  exposure  is  of  sufficient  strength,  the  blood  may 
even  become  entirely  free  of  white  cells  before  death.  The  lynipho- 
^tes  are  the  most  susceptible,  the  pol\Tnorphonuclears  are  less  sensi- 
^veand  the  erythrocytes  least  of  all.  Tartarsky  conducted  an  ex])eri- 
^t  that  seems  to  prove  that  the  white  cells  may  be  destroyed  by 
^'U^  action.  He  made  a  prolonged  exposure  to  a  rabbit's  ear  and 
^^otained  an  immediate  although  transient  leukocytic  reduction .  When 
dimidiated  area  includes  lymphoid  tissue  the  numerical  drop  in 
^kite  cells  is  more  pronounced  and  of  longer  duration.  AVhen  the 
spleen,  glands  and  long  bones  are  subjected  to  one  intense  dose  of 
14 
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a:-rays  there  is  an  initial  increase  in  all  the  cellular  elements  of  the 
blood,  particularly  of  the  lymphocytes.  This  is  followed  in  a  few  hours 
by  a  reduction  of  all  the  circulating  cells  but  especially  of  the  lympho- 
c\i;es.  The  leukopenia  reaches  its  maximum  in  from  twenty-four  to 
forty-eight  hours  after  which  there  is  a  slow  return  to  the  normal, 
three  or  four  weeks  being  required  for  complete  recovery,  assuming 
that  the  injury  is  not  beyond  repair.  Small  doses  either  have  no 
effect  on  the  normal  blood  picture  or  there  will  be  a  temporary  leuko- 
cytosis, mainly  a  lymphoc}ix)sis.  The  result  will  depend  naturally 
upon  the  dose,  the  intervals  between  exposures,  and  the  parts  irradiated. 

All  lymphoid  tissue  is  very  sensitive  to  irradiation  being,  in  suscepti- 
bility, next  to  the  testes  and  ovaries.  After  intensive  irradiation 
hyperplastic  changes  have  been  observed  in  the  bone  marrow,  while 
the  spleen  and  l>Tnphatic  glands  show  atrophy  and  reduction  in  size. 

Murphy,  Morton,  Ellis,  Taylor,  Ilill  and  Nakahara,  of  the  rocke- 
feller Institute,  who  had  long  been  interested  in  the  l^mphoc^le  in 
relation  to  immunity,  employed  the  ar-rays  for  purposes  of  l>Tnphoc\'tic 
control.  The  j-ravs  were  administered  bv  Witherbee.  Their  early 
work  was  in  connection  with  experimental  tuberculosis.  Ordinarily 
it  requires  from  five  to  seven  weeks  to  obtain  a  tuberculous  growth  in 
the  peritoneal  ca\dty  of  an  inoculated  guinea-pig.  If  the  normal 
number  of  lymphocytes  is  reduced  by  about  one-half  and  this  low 
count  is  maintained  for  about  ten  days,  the  peritoneal  inoculation,  if 
positive,  will  show  gross  lesions  within  this  time.  One  application  of 
the  o'-rays  is  all  that  is  required  and  there  is  no  apparent  modification 
of  the  general  health  of  the  animal.  Thus  there  has  been  developed  a 
rapid  method  of  diagnosing  tuberculosis.  The  inference  is  that  the 
lymphocyte  directly  or  indirectly  is  the  natural  defense  of  the  organism 
against  tuberculosis.  By  lowering  or  destroying  this  defense  the  host 
is  at  the  mercy  of  the  invader. 

Of  particular  interest  is  the  work  of  these  investigators  in  the  field 
of  cancer  research.  Spontaneous  cancer  is  common  in  white  mice  and 
such  tissue  will  continue  to  grow  when  transplanted  into  another 
animal  of  the  same  species.  By  administering  stimulating  doses  of 
a:-rays  to  a  healthy  annual,  obtaining  thereby  a  numerical  increase  of 
the  circulating  IjTnphocytes,  the  cancerous  tissue  transplanted  during 
the  Ijinphocytosis  fails  to  take.  If  it  is  returned  to  the  original  host 
it  grows.  If,  on  the  other  hand,  the  mouse  in  which  the  cancer  is 
transplanted  is  subjected  to  a  dose  of  .r-rays  sufficient  to  effect  a  marked 
l^inphoc^tic  reduction,  before,  during  or  shortly  after  the  transplanta- 
tion, the  graft  will  take  and  grow  rapidly. 

In  a  recent  article  Prime  states  that  he  was  unable  to  reduce  im- 
munity to  experimental  cancer  in  rats  by  lowering  the  lymphocytic 
count. 

As  a  result  of  these  experiments  a  number  of  practical  roentgen- 
ologists have  attempted  the  control  of  cancer  by  indirect  a:-ray  treat- 
ment, that  is,  by  exposing  lymphoid  tissue  rather  than  the  tumor  itself. 
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Thus  far  the  results  have  not  been  encouraging,  but  the  author  is  not 
aware  of  any  carefully'  conducted  experimental  work  in  this  line  in 
human  cancer.  The  theory  is  interesting  and  has  worked  success- 
fully in  at  least  one  t^pe  of  cancer  in  a  lower  animal.  In  this  con- 
nection it  is  significant  that  in  the  human  skin  there  is  always  a  hm- 
phocytic  infiltration  at  the  very  beginning  of  cancer  evolution  and  the 
infiltration  seems  to  be  greatest  in  the  slow  growing  and  relatively 
benign  types  of  epithelioma  (basal-cell  epithelioma). 

Knudson  and  Erdos  made  a  metabolism  study  of  a  case  of  leukemia 
during  radium  treatment.  Their  conclusions  are  as  follows:  "The 
excretion  of  total  nitrogen,  urea,  ammonia  and  phosphates  are  enorm- 
ously increased  immediately  after  the  action  of  radium. 

"The  uric  acid  output  is  only  slightly  increased  compared  to  other 
nitrogenous  constituents. 

"Surface  applications  of  radium  over  the  spleen  accelerates  the 
disintegration  of  nuclein  tissue,  resulting  in  the  above  increases.  The 
uric  acid  which  would  be  expected  to  be  formed  by  disintegration  of 
nuclein  is  probably  broken  up  further  so  that  it  is  not  increased. 

"The  phosphates  show  the  most  remarkable  results,  increasing  as 
high  as  400  per  cent.,  at  times,  over  the  excretion  at  the  beginning  of 
treatment.'* 

THTROm. 

Irradiation  of  the  thyroid  gland  results  in  inhibition  of  secretory 
function.  Microscopically  very  little  alteration  has  been  noted.  In 
practical  work  it  is  possible,  as  a  rule,  to  overcome  all  the  symptoms  of 
h^-perthyroidism,  but  the  gland  if  enlarged,  rarely  undergoes  reduction 
in  size  (Pf abler  and  Zulick,  Dowd  and  others). 

Practically  nothing  is  known  relative  to  the  effect  of  irradiation  on 
such  ductless  glands  as  the  suprarenals  and  the  pituitary  body.  The 
thymus  gland,  being  a  Ivinphoid  structure,  is  easily  influenced  (Veau, 
Rudberg,  Aubertin  and  Bordet,  Lang,  Friedlander,  d'Oelsnitz  and 
Paschetta  and  others).  That  the  same  is  true  of  the  tonsils  is  shown 
by  recent  work  done  in  the  Rockefeller  Institute  by  Murphy,  Craig, 
Witherbee,  Hussey  and  Sturm. 

ETE. 

The  mature  eye  is  resistant  to  irradiation  but  large  doses  may  effect 
blepharitis,  conjunctivitis,  keratitis  and  modifications  in  the  aqueous 
humor.  Repeated  exposures  over  a  long  period  of  time  may  cause 
atrophic  changes  in  various  parts  of  the  eye.  Tribondeau  and  Belley 
found  the  immature  eye  very  sensitive.  Comparatively  small  doses 
produced  cataract,  delayed  pigmentation  of  the  iris,  degenerative 
changes  in  the  retina  and  vitreous  humor  and  diminution  in  the  size 
of  the  eyeball. 
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NERVOUS  SYSTEM. 

Irradiation  will  seriously  interfere  with  the  development  of  the 
brain  and  cord  in  embryonic  life.  The  mature  nervous  system  is  very 
resistant.  There  is  no  record  of  injury  to  the  brain,  cord  or  peripheral 
nerves  in  practical  work  excepting  in  cases  of  radiodermatitis  in  which 
case  the  peripheral  nerves  are  affected.  Experimentally  it  is  possible 
to  cause  convulsions,  paralysis  and  other  symptoms  in  small  animals 
especially  when  young.  Microscopically  the  nervous  manifestations 
seem  to  be  secondary  to  vascular  changes. 

DIGESTIVE  SYSTEM. 

With  the  exception  of  the  spleen,  the  intestines  appear  to  be  more 
sensitive  to  irradiation  than  other  abdominal  organs.  Experimentally, 
following  intensive  exposure,  the  intestinal  wall  is  congested,  degenera- 
tion of  the  epithelium  and  connective  tissue  occurs  and  there  is  an 
atrophy  of  the  secreting  glands,  changes  similar  to  those  found  in  the 
irradiated  skin.  In  practical  work,  even  with  the  large  doses  employed 
in  the  treatment  of  uterine  fibroma  and  malignant  growth  of  the 
abdominal  \iscera,  there  is  no  evidence  of  serious  injury  to  any  part  of 
the  digestive  system.  In  one  or  two  days  after  cross-fire  treatments 
there  may  be  nausea,  vomiting  and  diarrhea  but  these  s^onptoms  also 
occur  when  the  treatment  is  applied  to  some  other  part  of  the  body. 
However,  as  pointed  out  by  Knox,  it  may  be  well  to  reserve  opinion 
for  a  long  time  before  agreeing  that  enormous  and  repeated  doses  of 
p)enetrating  rays  do  not  injure  the  deep  tissues,  as  such  evidence  of 
injury  may  be  manifested  only  through  the  development  of  sequelse 
many  years  after  the  treatment.  Stein,  in  1916,  reviewed  the  litera- 
ture and  found  a  few  reports  of  complications  and  sequelae  following 
deep  therapy.  He  mentions  intestinal  atrophy,  sclerosis  of  the  pelvic 
connective  tissue,  adhesions,  arteriosclerosis  and  other  changes.  It 
must  be  admitted,  however,  that  the  Freiburg  technic  and  deep 
therapy  in  general  has  been  employed  very  extensively  over  the 
civilized  world  for  ten  or  twelve  years  with  very  little  evidence  of 
serious  injury  to  the  tissues. 

The  pancreas,  liver  and  saUvary  glands  seem  to  be  quite  resistant 
to  irradiation.  They  do  not  appear  to  be  injured  in  practical  work. 
Experimentally  it  is  possible  to  alter  both  the  structure  and  function  of 
these  parts.  The  same  statements  may  be  made  relative  to  the 
kidneys. 

Warthin  found  degenerative  changes  in  the  kidneys  of  a  patient 
who  had  received  considerable  .r-rav  treatment  for  leukemia,  altera- 
tions  which  he  thought  might  have  been  caused  by  the  radiation. 

Long-continued  irradiation  of  the  mammary  glands  is  likely  to 
reduce  the  activity  of  the  secreting  epithelium  (Cluzet  and  Bassal). 

Alterations  produced  by  irradiation  in  muscles,  connective  tissue. 
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bloodvessels,  secreting  glands,  etc.,  will  be  found  in  the  discussion  of 
the  effects  of  radium  and  ar-rays  on  the  skin. 
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CHAPTER  XV. 

(  LINICAL  EFFECT  OF  ROENTGEN  RAYS  AND  RADIUM 

RAYS  ON  THE  SKIN. 

RADIODERMATITIS. 

When  the  skin  has  been  irradiated  beyond  the  toleration  point  an 
inflammatory  reaction  results.  When  provoked  by  radium  the 
reaction  is  termed  radium  dermatitis.  If  effected  by  the  a*-rays  it 
is  called  radiodennatitis,  j'-ray  dermatitis,  roentgen  dermatitis,  x-ray 
reaction,  j--ray  **burn,*'  etc.  A  reaction  may  result  from  a  single 
intensive  dose  or  it  may  be  the  cumulative  result  of  several  or  many 
fractional  applications.  The  tenn  radiodermatitis  may  well  include 
the  reactions  both  of  radium  and  the  x-rays. 

Latent  Peri9d. — After  an  erNthema  dose  of  x-rays  or  radium  the  first 
clinical  manifestation  of  a  reaction  is  seen  usually  about  the  end  of  the 
first  week.  Thus  there  is  an  interval  of  several  days  of  clinical  in- 
activity. This  period  of  latency  is  variable  in  regard  to  duration  as 
will  be  shown  later  in  this  chapter.  Also,  it  is  a  period  of  considerable 
histological  activity  (see  Chapter  XVI).  Heineke  believes  that  the 
period  of  clinical  latency  is  explained  by  the  lapse  of  time  between  the 
destruction  of  the  cell's  capacity  to  reproduce  and  the  subsequent 
natural  death  of  the  irradiated  cell. 


II 


ELECTRIC'  ERYTHEMA. 


Occasionally  one  encounters  an  erythematous  reaction  an  hour  or 
two  after  intensive  roentgenization,  especially  when  the  irradiated 
area  is  surrounded  by  lead  foil.  The  hyperemia  endures  a  day  or  two 
and  disappears  without  leaving  pigmentation  or  other  .r-ray  sequela*. 
It  may  be  accomi)anie(l  by  such  subjective  symptoms  as  burning, 
stinging  and  itching.  Also,  there  may  be  an  associated  edema  and,  if 
the  treatment  happens  to  include  the  parotid  glands,  there  may  be  a 
marked  swelling  of  these  glands.  These  early,  temporary,  and  harm- 
less reactions  not  infrequently  occasion  considerable  alann,  not  on 
account  of  the  symptoms  but  because  of  the  knowledge  that  true  .r-ray 
reactions  of  the  third  degree  begin  very  soon  after  irradiation.  Pf abler 
believes  that  they  are  caused  by  an  electrostatic  discharge  and  that 
they  can  be  prevented  by  grounding  the  lead  foil  that  is  placed  around 
the  irradiated  area  for  the  purpose  of  protection.  The  phenomenon 
was  noted  by  Schultz,  Beclere  and  others  years  ago. 
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X-BAT  AND  RADIUM  REACTIONS. 

A'-ray  anfl  radium  reactions  iiia\-  be  (fi\i(Ie(l  into  two  types— acute 
and  chronic.  The  acute  type  is  siitMlividcd  into  three  degrees,  namely, 
first,  second  and  third  dejrrees. 

First  Degree. — The  first  degree  reaction  consiMts  of  a  simple  cutaneous 
erythema  or  hyperemia.  This  may  vary  from  a  hardly  perceptible 
Hu.sh  to  one  that  is  intensely  red  and  associated  with  slight  cdcniatniis 
swelling.  The  subjective  symptom  is  burning  or  tinjjliug;  then-  may  be 
itching.  The  reaction  becomes  manifest,  as  a  rule,  in  fmrji  five  t<> 
se\'en  <lajs  and  reaches  a  [naximum  of  development  in  from  ten  to 
fourteen  days,  after  which  the  bright  re<i  color  changes  graciually 
to  a  dull  re<I.  then  to  a  brnwnish-red  and  disappears  u,suaiiy  in  the 
third  or  the  fourth  week.     Pigmentation  may  remain  for  several  weeks 


an<l  there  is  likely  to  be  some  desquamation  during  the  stage  of  involu- 
tion. If  the  atfeetetl  area  involves  a  hairy  part  depi|atiun  is  apt  to 
occur  liuring  the  third  week.  The  alopecia  may  be  tenxporary  or 
[jcmianent.  Kaestle.  and  Janus,  call  attention  to  the  fact  that.a  hot 
bath  or  hot  iii)pli  cat  ions  will  provoke  an  errthemi  after  intensive 
treatment. 

Second  Degree.^There  is  no  sharp  line  of  demarcation  Iwtween 
reactions  of  the  first  and  second  degrees.  It  is  generally  understood 
that  if  a  reaction  progre.sses  beyond  hyperemia  and  slight  edema  it  ia 
of  the  second  degree.  A  second  degree  reaction  is  recognized  by 
marked  edema,  vesiculation,  erosion  or  superficial  ulceration.  The 
erjthema  of  secxind  degree  reactions  is  likely  to  develop  two  or  three 
days  earlier  than  that  of  the  first  degree.  In  a  few  days  the  color  is 
ac'arlet;  it  then   becomes  purplish-red  or  bluish-red — livid.     In  ten 
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days  or  two  weeks  the  intense  cutaneous  edema  destroys  all  or  part  of 
the  epidermis  with  a  consequent  moist  or  exudative,  enxied  surfat'e. 
This  development  may  or  may  not  be  preceded  bj'  vesicle  formation, 
e  exudate  drys  into  a  crust  which  is  likely  to  be  impetiginous  but 


which  may  be  finn  and  dry.  The  subjective  sensation  is  first  tingling 
and  burning  and  then  a  burning  pain  which  may  be  \ery  distressing. 
Second  degree  reactions  will  heal  spontaneouslj'  in  from  six  weeks  to 


Fta.  fl9.— Sopoud   degn-p  radioderiiiiititiE 
the  epidennia  with  ciudBtion  iLud  unisting  and  » 
two  months  to  diBBppear. 

three  mouths  depending  upon  the  intensity  of  injury  and  the  extent  of 
surface  involved.  Hair  in  the  irradiatetl  area  will  fall  out  in  three 
weeks  and  the  resulting  alopecia  will  be  permanent.  The  regeneration 
of  epidermis  is  complete  and  if  the  connective  tissue  has  not  been  badly 
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damaged  and  sequetee  do  not  develop  the  final  result  is  clinically 
normal  skin. 

Third  Degree. — There  is  no  line  of  demarcation  between  reactions  of 
the  second  and  third  degrees.  It  may  be  said  that  if  the  ulceration  or 
necrosis  involves  the  true  skin  the  reaction  is  one  of  the  third  degree. 
The  first  evidence  of  reaction  (erythema)  is  likely  to  be  seen  within 
twenty-four  or  forty-eight  hours  and  in  a  few  days  it  becomes  of  the 
livid  or  bluish-red  tj-pe.  In  two  or  three  weeks  the  congestion  and 
edema  of  the  deep  tissues  hea»me  intense  even  to  the  extent  of  board- 
like  hardness  on  palpation;  the  epidermis  exfoliates,  leaving  a  denuded 
derma.     One  of  two  things  may  now  happen.     The  injured  cutis  and 


Fio.  70.— A  typical  third  decree,  indolent,  i-ray  ulcer.  Note  the  abrupt  margin, 
ihe  ithitiy  dry  base  and  thf  Bbsence  of  granulation  tisnue.  This  ulcer  reijuirpd  uearly 
two  years  to  heal  and  (hn  patient  suffered  encniciating  pain  for  the  first  eiuht  months. 

subcutaneous  tissue  may  undergo  rapid  ulceration  or  the  affected 
parts  may  form  a  dry,  hard,  necrosed  mass  with  a  crusted  surface — 
drj'  gangrene.  In  the  latter  instance  the  necrosed  mass,  surrounded 
by  intense  inflammation,  will  remain  apparently  stationary  for  weeks 
or  months;  eventually  it  is  converted  into  a  slough  which  is  finally 
thrown  off,  the  result  being  a  deep  ulcer.  In  either  instance,  after  a 
period  of  considerable  ulcerative  activity,  assuming  that  the  injurj' 
is  beyond  immediate  repair,  the  ulcer  develops  distinctive  charac- 
teristics. The  abrupt  margins  and  the  deep-seated  floor  produce  a 
punched-out  appearance.  The  absence  of  granulation  tissue  and  the 
subsidence  of  reactive  inflammation  creates  a  dry,  glistening  floor.     In 
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otiier  words  tliere  is  an  exceedingly  indolent  ulcer.     This  is  the  usual 
clinical  picture.     There  may  be  unhealthy  granulations  associated  with 


C"T* 


a  heavj'  mucopurulent  discharge.     The  detailed  clinical 
naturally  vary  with  the  degree  of  injury  and  the  successful 
attempts  at  repair,  together  with  the  action  of  bacteria. 


picture  will 
or  abortive 
The  ulcer 
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may  involve  part  or  all  of  the  true  skin,  the  subcutaneous  tissue  and 
even  the  muscles.  Small,  comparatively  superficial  ulcers  may  begin  to 
granulate  in  a  month  or  two,  healing  being  complete  in  a  few  months. 
The  larger  and  deeper  ulcers  usually  remain  indolent  for  many  months, 
evenyears.  There  may  be,  on  the  other  hand,  slow  but  steady  healing 
and  occasionally  an  ulcer  of  long  standing  a^iU  suddenly  begin  to 
granulate  and  heal  rather  promptly.  As  a  rule,  however,  if  an  ulcer 
has  not  undergone  spontaneous  repair  within  a  year  or  eighteen  months 
it  will  persist  indefinitely. 

The  cicatrix  following  a  third  degree  ulcer  may  be  healthy,  pliable 
and  possess  the  color  and  palpable  consistence  of  nonnal  skin — in  other 
words,  of  exceedingly  good  cosmetic  quality.  The  end-results, 
unfortunately,  are  likely  to  be  marred  by  undesirable,  disfiguring  and 
even  dangerous  sequelee.  These  possible  sequelae  do  not,  however, 
include  cicatricial  contractions  and  ectropion  and  it  is  very  uncommon 
to  see  h>T)ertrophic  scars,  keloids  or  keloidal  bands. 

The  chief  subjective  sNinptom  of  a  third  degree  reaction  is  excru- 
ciating pain  of  a  burning  character.  The  pain  usually  subsides  just 
before  healing  begins.  Indolent  ulcers  remaining  exceedingly  sensitive 
indefinitely  but  the  individual  does  not  actually  suffer  after  six,  eight 
or  twelve  months. 

Uniisual  Features. — The  author  has  encountered  two  instances  of 
what  might  be  termed  follicular  radiodermatitis  (radiodermatitis 
folliculata).  In  both  instances  there  was  a  moderate,  diffuse  erythema 
with  slight  desquamation,  over  a  circular  area  six  inches  in  diameter. 
The  follicular  orifices  and  the  perifollicular  regions  were  slightly 
elevated  and  of  a  much  more  intense  red  color  than  that  of  the  inter- 
follicular  portions  of  the  affected  area.  In  one  of  the  patients  there  was 
a  follicular  atrophy  following  the  disappearance  of  the  eruption.  The 
appearance  was  not  unlike  that  seen  on  the  extensor  surface  of  arms 
in  adults  who  have  the  atrophic  remains  of  a  former  keratosis  pilaris. 

Occasionally,  in  reactions  of  second  and  third  degrees  and  even  those 
of  the  first  degree,  there  is  considerable  deep-seated  edema  of  the 
unexposed  adjacent  tissue.  This  is  especially  likely  to  occur  if  the 
radiodermatitis  is  in  the  vicinity  of  the  eyelids. 

Variations  in  the  period  of  clinical  latency  are  not  uncommon.  The 
author  has  seen  erythema  develop  within  two  or  three  hours  after  a 
radium  application  and  persist  for  two  or  three  weeks.  In  one  such 
instance  the  involved  areas  showed  telangiectasia  after  the  lapse  of 
over  a  year.  In  another  instance  the  erythema  was  followed  by 
persistent  pigmentation.  First  degree  o'-ray  reactions  are  manifested, 
at  times,  within  twenty-four  or  forty-eight  hours.  Conversely,  the 
appearance  of  both  mild  and  severe  reactions  may  be  delayed  several 
days,  weeks  or  even  months.  The  author  has  encountered  a  number  of 
such  instances,  following  single  intensive  applications.  Pfoerringer 
relates  an  interesting  example  of  delayed  reaction.  The  great  toe  of 
the  right  foot  of  a  patient  was  given  a  total  dose  of  filtered  x-rays 
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amounting  to  154  X  (H77)  through  three  ports  of  entry  (cross-fire), 
during  a  period  of  six  months.  Three  months  after  the  last  exposure 
the  irradiated  skin  became  livid  red,  scaly  and  painful  but  did  not 
ulcerate.  No  other  cause  could  be  determined.  Before  accepting 
this  as  evidence  of  a  delayed  reaction  it  would  be  necessary  to  exclude 
positively  the  application  of  irritating  local  remedies,  such  as  liniments, 
subsequent  to  the  treatment. 

Complications. — Probably  the  most  common  and  most  annoying 
complication  of  exudative  or  ulcerative  radiodermatitis  is  eczema  or 
dermatitis  of  the  infectious  eczematoid  dermatitis  type.  This  affection, 
originally  described  by  Engman  and  later  by  Fordyce,  appears  to  be  a 
sensitization  on  the  part  of  the  skin  to  discharges  from  wounds,  ulcers, 
sinuses,  etc.  Whether  the  sensitization  is  in  relation  to  bacterial 
products  or  to  other  chemical  ingredients  in  the  discharge  is  unknown. 
The  dermatosis  is  not  communicable  but  it  is  auto-inoculable.  When 
complicating  radiodermatitis  the  first  objective  indications  of  its 
presence  are  a  redness  and  swelling  with  itching  and  burning  or  stinging, 
beyond  the  confines  of  the  previous  inflammation.  The  new  dermatitis, 
unless  checked,  soon  becomes  exudative  and  spreads  by  peripheral 
extension  and  by  auto-inoculation  until  one  or  several  parts  of  the  body 
are  involved.  The  author  has  seen  universal  exudative  dermatitis 
follow  a  third  degree  ulcer  no  larger  than  a  quarter  of  a  dollar. 

A  number  of  instances  of  vegetations  occurring  in  the  course  of 
acute  radiodermatitis  of  the  second  degree  have  been  observed.  The 
lesions  developed  just  previous  to  the  first  signs  of  repair.  They 
ranged  in  size  from  a  lentil  to  a  bean,  were  firm  but  not  hard  in  con- 
sistence, yellowish-red  in  color,  and  presented  a  moist  surface.  They 
resembled  the  flat  condyloma  of  syphilis.  It  is  possible  that  the 
lesions  consiiJted  of  an  overgrowth  of  unhealthy  granulations  and  this 
hypothesis  is  probable  because  of  their  spontaneous  disappearance 
in  two  or  three  weeks.  They  possessed  the  clinical  appearance  of 
proliferated  epidermis  (acanthosis)  which  if  true,  would  assume  a 
proliferative  type  of  acute  radiodermatitis. 

Sequelse. — ^The  sequelae  of  radiodermatitis  and  radium  dermatitis 
are,  unfortunately  rather  common.  Some  of  them  are  disfiguring  while 
others  are  dangerous.  The  sequehe  are  commonly  spoken  of  as  chronic 
radicKlennatitis. 

TELANGIECTASIA. 

Telangiectasia  (dilated  cutaneous  vessels)  is  more  common  after 
second  and  third  degree  reactions  than  after  that  of  the  first  degree. 
But  it  should  be  particularly  and  forcibly  emphasized  that  a  very 
pronounced  telangiectasia  may  follow  a  mild  erythema  provoked 
by  either  ar-rays  or  radium.  The  dilated  capillaries  are  seen  as  red 
puncta  and  delicate  to  coarse,  straight  to  serpentine,  more  or  less 
parallel  vessels,  which  produce  a  brilliantly  red  network,  which,  at  a 
distance,  may  appear  as  a  diffused  erythema.    The  color  disappears 
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under  diascopic  pressure.  At  times  the  telangiectasia,  at  a  distance, 
presents  a  macular  or  mottled  appearance.  On  close  inspection  tiie 
macules  are  seen  to  be  composed  of  an  exceedingly  delicate  capillary 
plexus. 

Years  ago  it  was  common  to  see  a  very  large  area  of  teUngiectasia, 
the  entire  abdomen  for  instance,  with  widespread  atrophy  and  a 
central  indolent  nlc-er  or  cicatrix,  with  multiple  keratoses  scattered  over 
the  iifl'ectcd  area.     In'thcse  iustjiiic-es  the  tclitngiectasia  seemed   to 


radiate  peripherally  from  the  center  and  produced  a  most  striking 
picture.  Telangiectasia  following  second  and  third-degree  reactions 
is  usually  of  the  radiating  type. 

Telangiectasia  may  develop  within  a  few  weeks  or  a  few  months 
subsequent  to  the  advent  of  the  reaction,  hut  as  a  rule  it  makes  its 
appearance  in  about  a  year.  If  telangiectasia  has  not  evolved  in 
eighteen  months  it  is  safe  to  assume  that  it  will  never  develop.  While 
it  is  not  certain  yet  there  is  reason  for  believing  that  telangiectasia 
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never  occurs  without  at  least  one  pre\-ioU3  mild  reaction.  Certainly 
such  a  phenomenon  is  uncommon.  The  dilated  vessels  rarely  if  ever 
disappear  spontaneously. 


. — Tolanxi ectasia,  alrophy.  pigmentation 
liceiiming  rpithrlioma — ^allsubwqueDt  t< 


Cutaneous  atrophy  is  an  exceedingly  frequent  sequel.  It  practically 
iihvuys  follows  second  and  third-degree  reactions  and  may  occur  as  a 
result  of  even  mild  reactions  of  the  first  degree.  The  atrophy  may  be 
of  several  different  clinical  typvs.  After  mild  and  moderately  severe 
reactions  the  irradiated  area  may  have  a  slightly  lower  level  than  that 
of  the  normal  skin.  The  most  oominon  manifestation  of  atn)phy  is 
wrinkling.  This  may  be  so  slight  as  to  be  imperceptible  excepting  when 
involving  the  face,  iMrticularly  near  the  mouth,  and  even  here  it  may 
be  noticed  only  when  the  muscles  are  usetl  in  such  acts  as  smiling, 
laughing,  weeping,  masttCHtioii.  etc.  If  of  a  more  marked  degnt'  the 
wrinkling  may  be  noticeable  even  when  the  part  is  in  repose.  The 
extreme  grade  of  this  t\'])e  of  atroph\'  is  seen  in  the  skin  of  the  extensor 
surfaces  of  the  articulations  where  it  may  constitute  an  anetodennia. 
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After  severe  reactiims  the  skin  may  be  thin,  shiny,  dry,  scaty.  semi- 
transhicent  and  wrinkled — reaembUnp;  parchment.  In  such  instances 
it  eczematizes  and  fissures  readil\'  and  ma.\'  reveal  a  lessened  resistaTice 
to  various  kinds  of  traumatism.  Still  another  tjpe  of  atn)phy  is  the 
hidebound  skin,  where  the  skin  is  attached  to  den.se  underlying  tissues. 
This  tj-pe  somewhat  resembles  sclenxienna  and  is  eoinmon  after  third- 
degree  reactions.  It  may  also  <icciir  after  repeated  first-<lcgree  reac- 
tions. 

Ijke  telangiectasia,  atrophy  can  develop  in  a  few  weeks  but  it  is 
most  likely  to  appear  in  about  a  year.  If  it  has  not  develn|3ed  in  a  jear 
or  eighteen  months  it  is  not  likely  to  appear.  Unfortunately  the  defect 
is  permanent.  Atniphj'  maj'  result  without  an  antecedent  \isiblc 
reac-tion,  the  result  of  long-continueil  fractional  treatment. 


Flu.  TS, — □t'pignienlatioti  (oJluwiag  railiunt  dermatitU.  Also  pcnnsnent  nlopecia 
above  the  eiir.  The  depigmen ration  oan  be  Huntwaafully  camouflBged  by  nieanii  of 
the  stain  mcDtioDsd  in  Ihia  chapter. 


PIGMENTATION. 

Tanning  or  pigmentation  is  common  after  reactions  of  all  degrees. 
As  a  rule  it  will  disappear  in  a  few  weeks  but  It  may  persist  for  several 
months  and  e\en  for  a  year  or  two.  After  very  severe  reactions  the 
pigmentation  maj'  be  pennanent.  After  severe  reactions  there  may  be 
depigmentation  instead  of  hyperpigmentation.  This  is  seen  most  often 
in  very  dark  skins. 

Lentigo  and  diffuse  pigmentation  may  occur  to  a  troublesome  degree 
in  certain  individuals,  particularly  brmiettes,  as  a  result  of  a  few  mild 
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exposures — a  dose  well  within  that  required  to  produce  a  reaction.  In 
such  instances,  if  the  treatment  is  discontinued,  the  freckles  and 
diffuse  tanning  will  disappear  in  a  few  weeks. 

HAIR  FOUJCLES. 

When  hairy  parts  are  irradiated  with  sufficient  intensity  to  effect 
a  first  degree  reaction,  defluvium  will  occur  any\\-here  in  from  one  to 
four  weeks. 

I'sually  the  hair  begins  to  fall  out  about  the  third  week  and  ceases  to 
fall  by  the  end  of  the  fourth  week.  Complete  and  permanent  alopecia, 
with  the  exception  of  a  few  scattered  coarse  hairs  and  more  or  less 
fine  lanugo  hair,  follows  reactions  of  the  second  and  third  degree  and 
well-marked  reactions  of  the  first  degree.  A  fairly  complete  deflu\Tium 
will  practically  always  follow  even  a  mild  and  transient  erjlhema. 
The  hair  will  usually  regrow  after  a  mild  reaction  but  it  may  not  do  so. 
The  follicles  have  been  known  to  regenerate  even  after  a  well-marked 
erythema  that  endured  for  two  weeks.  It  is  well  to  bear  in  mind, 
however,  that  follicular  regeneration  is  never  certain  after  even  a  very 
mild  reaction.  It  is  possible,  by  the  repeated  application  of  subery- 
thema  or  smaller  doses,  to  effect  permanent  alopecia  without  the  advent 
of  erythema.  If  regeneration  occurs  the  hair  will  begin  to  grow  again 
in  from  one  to  six  months,  depending  upon  the  dose  administered.  If 
alopecia  is  present  at  the  end  of  six  months  it  will  be  permanent.  The 
mature  t>T)e  of  hair  depilates  more  readily  than  does  lanugo  or  downy 
hair. 

SWEAT-GLANDS. 

The  coil  glands  may  regenerate  completely  after  a  first-ilegree  reac- 
tion, but  there  is  likelv  to  be  a  noticeable  diminution  in  the  secretory 
function.  A  second-degree  reaction  will  markedly  reduce  the  activity 
of  the  glands  and  they  are  totally  destroyed  by  third  degree  reactions. 
The  sudoriferous  function  may  be  lessened  and  even  permanently 
arrested  by  repeated  exposures  without  an  accompanying  reaction. 

SEBACEOUS  GLANDS. 

A  single  first-degree  reaction  may  permanently  impair  the  function 
of  the  sebaceous  glands  although  this  is  not  the  rule.  Repeated 
erythematous  reactions  or  a  single  reaction  of  the  second  degree  will 
markedlv  reduce  sebaceous  actiWtv  as  evidenced  bv  a  drv  skin.  Third- 
degree  reactions  completely  destroy  the  sebac*eous  glands.  As  with  the 
hair  follicles  and  coil  glands  the  sebaceous  glands  can  be  reduced  or 
even  destroyed  by  repeated  mild  irradiation  without  a  \asiblc  reaction. 

MUCOUS  MEMBRANES. 

While  the  author  has  no  experimental  data  with  which  to  prove  the 
assertion,  it  is  his  distinct  impression  that  the  orificial  mucous  mem- 


KERATOSES— LATE  ULCERATION— CANCER  22b 

branes  are  more  sensitive  to  ar-rays  and  radium  than  is  the  skin.  This 
is  undoubtedly  true  of  the  buccal  mucosa.  It  has  been  clainitKlJthat 
the  vaginal  mucosa  is  more  resistant  to  irradiation  than  the  skin  and 
that  this  resistance  is  caused  by  the  acidity  of  the  vaginal  secretion. 
The  author  cannot  confirm  these  obser\'ations. 

Radiodermatitis  of  the  mucous  membranes  does  not  differ  from  that 
of  the  skin  excepting  for  slight  differences  in  the  clinical  picture.  The 
enlhema  may  be  overlooked  so  that  the  reaction  is  ap]>arently 
inaugurated  ^ith  edema  and  erosion. 

NAILS. 

Radiodermatitis  of  the  distal  end  of  a  finger,  if  severe,  may  result  in 
adeflu\-ium  of  the  nail.  As  a  rule  the  nail  will  regrow.  -Nluch  more 
common  phenomena  are  transverse  or  longitudinal  ridging,  slow 
growth  and  brittleness  of  the  nail  following  severe  reactions,  repeated 
nrild  reactions,  or  long  continued  fractional  exposures  without  reaction. 

KERATOSES.  LATE  ULCERATION.  CANCER. 

Keratoses  are  prone  to  develop  eventually  in  so-called  .r-ray  skin, 
^eyare  fairly  common  after  third-degree  reactions,  infrequent  snl)- 
sequent to  reactions  of  the  second  degree  unless  the  reaction  was  sexere 
»nd  rarely  occur  as  a  result  of  a  single  first  degree  reaction.  I'hey  may 
grafter  repeated  erythematous  reactions  and  after  frequent  irradia- 
tion over  a  number  of  years  without  reaction.  The  lesions  usually 
o«^  on  skin  that  is  atrophic  and  perhaps  telangiectatic. 

Keratoses  are  of  several  clinical  varieties.  The  usual  ty])e  is  a  slight 
Ovation  consisting  of  a  thickened  but  firmly  adherent  horny  layer. 
The  lesions  range  in  size  from  a  pinhead,  a  lentil,  a  split  i)ea  to  a  dime. 
Another  t}'pe  consists  of  a  perceptible  thickening  of  the  entire  e])i(ler]nis 
"^addition  to  the  adherent  scale — acanthotic  keratosis.  Still  another 
fonn  is  where,  in  addition  to  hyperplasia  of  the  rete  under  the  kera- 
^s,  there  is  an  associated  edema  and  vesicle  formation.  Tiie  vesicles 
^ never  well-developed;  they  occur  under  the  thickened  horny  laxcr 
^ch  becomes  elevated;  pressure  will  cause  a  drop  of  sc^um  to  exude. 
Aleconditioniscausedby  a  peculiar  degeneration  of  the  rete  dyskera- 
^s,  and  a  degeneration  of  the  upper  ])art  of  the  derma.  A'-ray 
l^ratoses,  or  x-ray  warts  as  they  are  often  designated,  are  likely  to  he 
exceedingly  tender. 

He  warty  excrescences  may  develop  a  few  months  after  the  healing 
of  a  severe  reaction  but,  as  a  rule,  it  is  several  years  before  they  make 
4eir  appearance.  These  keratoses  are  not  epitheliomata  hut  inas- 
much as  some  of  them  eventually  develo])  into  cancer  they  nnist  he 
'^Pgarded  as  potentially  dangerous— preeiMtheliomatous  degenerations. 
Heers  may  develop  months,  usually  years,  after  the  healing  of  a 
*vere  reaction  or  in  skin  that  has  been  subjected  to  repeated  mild 
15 


RAUIODERMATITIS 


''HARD,*'  "SOFT"  AND  FILTERED  RAYS  227 

reartions.  Schmidt  has  noted  ulcers  occurring  in  from  three  months  to 
a  year  subsequent  to  filtered  treatments,  without  antece<lent  reaction. 
Many  such  ulcers  are  caused  by  traumatism  aciting  on  devitalized 
tissue.  Such  ulcers  may  heal  spontaneously  or  they  may  persist,  prove 
recalcitrant  to  treatment  and  eventually  show  malignant  tendencies. 

There  is  likely  to  be  a  somewhat  constant  exfoliation  after  the 
healing  of  severe  reactions.  The  scales  usually  cease  to  form  in  a  few 
months  but  may  continue  for  a  year  or  two. 

Cancer,  practically  always  of  the  metastatic  epithelioma  t>T)e, 
develops  secondary'  to  keratoses  or  to  spontaneous  ulceration.  P^pithe- 
lioma  has  l)een  known  to  occur  within  a  year  after  the  healing  of  a  third- 
<legree  reaction  but,  as  a  rule,  this  ver\'  unfortunate  development  does 
not  take  place  for  several  or  many  years. 

» 

CHROMIC  BADIODERMATITIS. 

This  term,  by  some  clinicians,  signifies  an  indolent  ulcer  resulting 
fn)in  an  acute  third-degree  reaction.  Others  employ  it  to  indicate  the 
i^iHullwl  jr-ray  skin,  a  skin  that  shows  one  or  all  of  the  sequelte  already 
enumerated  and  which  may  be  the  result  of  a  previous  acute  reaction 
or  which  may  develop  insidiously  as  a  result  of  repeated,  strong  irraxlia- 
ii<»n  over  a  long  period  of  time.  It  is  ob\ious  that  a  chronic  radio- 
'lennatitis  may  be  atrophic,  hj-pertrophic  or  ulcerative.  A'-ray  skin 
In-ars  a  striking  resemblance  to  xerodenna  pigmentosum  and  sailors* 
"r  fanners'  skin,  in  which  there  is  an  idiosyncracy  to  sunlight  or  certain 
wavelengths  thereof,  and  in  which  develop  lentigo,  cutaneous  atrophy, 
"Icerations,  keratoses  and  cancer. 

"HABD,"  "SOFT"  AND  FILTERED  RATS. 

There  have  been  many  misleading  statements  relative  to  the  dif- 
^CTence  in  effect  on  normal  skin  of  "  hanl,'*  "  soft"  and  filtered  roentgen 
'^J's.  The  biological  action  of  radiation  is  due  to  that  i)art  of  the 
ndiation  that  is  absorbed.  Fewer  short  waves  will  be  absorbed  bv  a 
P^'cn  thickness  of  tissue  than  long  waves.  Hut  no  matter  how  '*  barer* 
the  radiation  may  be  some  of  the  short  waves  jire  absorbed  by  the 
^.  It  should  be  ob\'ious,  therefore,  that  if  *'  hard'*  rays  jire  adiniiiis- 
t^  in  sufficient  amount  the  effect  on  the  skin  will  be  the  same  as 
*'Jth  "soft"  rays  as  there  is  no  fundamental  difl'erence  in  the  biological 
•^  of  short  and  long  :r-ravs.  Xaturallv  verv  "soft"  ravs  will 
^«t  mostly  the  superficial  tissue  while  very  "hard"  (filtered)  rays 
•***tter  the  effect  more  equally  throughout  a  greater  depth.  TluTcfore 
2  radiodermatitis  produc»ed  l)y  "soft'*  radiation  will  be  more  super- 
^ in  character  than  will  that  pnHluced  by  "hard"  radiation.  This 
S^jestion  was  touched  upon  in  tlie  chapter  on  general  j)hysics  and  it 
^' be  discussed  at  some  length  in  subsiHjUcnt  chapters.  Let  it  suffice 
^  say  here  that  a  first,  second  and  third-degree  radiodennatitis  can 
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In  the  past,  when  using  gamma  rays,  it  was  the  custom  to  use  lead 
as  the  filter  and  to  place  the  lead-covered  applicator  in  direct  contact 
with  the  skin.  A  long  exposure  with  such  an  applicator  gave  rise  to 
severe,  but  suj)erficial  ulcerations — reactions  that  healed  spontaneously 
in  a  few  weeks.  These  reactions  were  supposed  to  be  due  to  the  ganmia 
rays  and  they  seemed  to  support  the  contention  of  F.  E.  Simpson  and 
others  who  j)ersistently  insisted  that  a:-ray  reactions  and  radium 
reactions  had  little  in  common.  We  now  know  that  such  reactions  are 
due  to  the  ver>'  "soft*'  radiations  from  lead  and  that  they  can  be 
prevented  by  placing  suitable  absorbing  material  (glass,  leather,  paper, 
chamois)  between  the  lead  and  the  skin. 

TREATMENT. 

First  Degree. — ^There  is  no  known  way  of  preventing  the  onset  of  a 
reaction  after  an  erji;hema  dose  has  been  administered.  Various 
prophylactic  measures  have  been  suggested  for  use  during  the  latent 
period.  These  consist  of  soothing  agents,  dilute  solutions  of  acids, 
alkaline  solutions,  etc.,  but  they  are  of  questionable  value.  It  is  of  the 
greatest  importance  to  avoid  stimulating  or  irritating  applications 
previous  to,  during  and  subsequent  to  irradiation.  For  the  erythema 
the  following  ointment  and  solution  will  suffice: 

I^ — Zinci  stearatis 3J 

AdipiB  laDSB Sss 

Petrolati  albi q.s.  ad.     Sj 

Miace. 

Sig. — Apply  to  affected  parts  at  bedtime. 

I^ — Zinci  oxidi« 

Magnesii  carbonatis &&     5J 

CalaminsB  prseparats 3ss 

Aqu»  hamamelidis 3j 

Liquons  calcis q.s.  ad.     Siv 

Misce. 

Sig. — Shake  well  and  sop  on  affected  parts  several  times  daily. 

If  itching  is  present  1  or  2  grains  of  menthol  or  3  to  5  grains  of 
phenol  may  be  incorporated  in  the  ointment.  To  the  solution  may 
be  added  from  1  to  10  grains  of  menthol  and  from  15  to  30  drops  of 
carbolic  acid. 

During  the  acute  stage  soap  and  water  should  be  avoided,  cleansing 
being  accomplished  with  one  of  the  following  mixtures: 

I^ — Phenolis  liquefacti gtt  xv 

Olei  olivae 3iij 

Petrolati  liquidi q.s.  ad.  Svj 

Misce. 

B — Magma  magnesia; 5iv 

Petrolati  liquidi 5ij 

Sodii  boratis 5J 

Aquse  roscB q.s.  ad.  S^'iij 

Misce. 
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To  quote  from  Pusey,  the  emulsion  or  liniment  is  made  in  the  follow- 
ing manner:  "A  wide-mouth  bottle  should  be  used,  one  large  enough 
to  allow  a  free  shaking  of  the  quantity  of  emulsion  to  be  made — for 
example,  a  quart  bottle  for  a  pint  of  emulsion.  The  bottle  should  be 
clean  and  dry.  The  phenol,  glycerine  and  oil  of  bergamot  are  first 
added  to  the  oliver  oil.  The  entire  quantity  of  oil  is  then  placed 
in  the  bottle,  the  bottle  corked,  and  the  oil  shaken  up  in  the  bottle  in 
order  to  be  sure  that  the  entire  inner  surface  of  the  bottle  and  cork 
becomes  covered  with  a  film  of  oil.  The  tragacanth  (finely  powdered) 
is  then  added  little  by  little  to  the  oil  and  the  mixture  is  thoroughly 
shaken  until  a  yellowish,  opaque  mixture  is  formed.  If  this  is  properly 
done  the  tragacanth  becomes  evenly  mixed  through  the  oil.  This  is 
essential  in  order  to  get  a  good  emulsion.  Then  about  4  ounces  of 
water  are  added  and  the  mixture  vigorously  shaken.  This  will  produce 
a  yellowish,  creamy  emulsion.  The  calamine  and  zinc  oxide  are 
mixed  dry  and  then  stirred  up  with  the  remaining  8  ounces  of  water 
in  a  separate  container.  The  easiest  way  to  do  this  is  to  take  a  wide- 
mouthed  bottle,  put  in  the  zinc  oxide,  calamine  and  water  and  shake  it. 
This  mixture  of  powder  and  water  is  then  added,  an  ounce  or  two  at  a 
time,  until  the  quantity  is  brought  up  to  a  pint.  After  each  addition 
of  the  suspension  the  emulsion  is  vigorously  shaken.'*  If  properly 
made  this  forms  a  smooth,  creamy,  pink  emulsion  which  keeps  indefi- 
nitely, which  does  not  separate  on  standing  and  which  does  not  break 
into  droplets  when  applied  to  the  skin. 

In  the  non-exudative  stage  a  cream  may  be  more  cooling  than  an 
unguent.  Unguentum  aquae  ros3e  (U.  S.  P.)  may  be  employed  for  the 
purpose  or  one  of  the  following  creams  in  which  may  be  incorporated 
such  chemicals  as  zinc  oxide,  zinc  stearate,  calamine,  etc.,  according  to 
indications.  From  ^  to  2  grains  of  menthol  may  be  added  for  the 
cooling  effect. 

Cocoa-butter  Cream. 

Per  cent. 

I^ — Olei  theobromatis 18 

Cerae  albae 10 

Adipis  lanse 6 

Olci  amygdalae  express! 50 

Aquae 16 

I^ — Adipis  anserini 65 

Olei  theobromatis 12 

Adipis  lanae 15 

Aquae 8 

I^— Olei  olivffi 65 

Olei  theobromatis 5 

Adipis  lame 5 

Cerae  albae 5 

Aquaj 20 

The  various  almond  and  quince-seed  emulsions,  and  witch  hazel 
creams  alone,  or  combined  with  other  chemicals,  can  be  used  to 
advantage  at  times. 

If  none  of  the  suggestions  already  given  affords  relief  from  the  pain, 
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from  5  to  10  per  cent,  of  anesthesin  may  be  added  to  the  ointment, 
paste,  solution  or  emulsion.  This  drug  at  times  seems  to  act  exceed- 
ingly well.  Beta-eucaine-lactate,  in  the  same  proportion,  will  afford 
relief  in  some  instances.  Occasionally  a  grain  or  two  of  menthol, 
phenol,  eucalyptus  or  camphor,  when  added  to  the  prescription  seems  to 
lessen  the  pain.  Local  remedies  placed  on  a  thick  crust  will  be  of  little 
benefit.  If  not  adherent  it  is  preferable  to  remove  the  crust  if  there  is 
much  pain.  If  not,  and  there  is  no  exudation,  it  is  better  to  leave  the 
crust  alone. 

Very  weak  ichthyol  applications  may  prove  beneficial  at  times. 
Ichthyol  in  the  strength  of  from  1  to  3  per  cent,  may  be  added  to  the 
ointments,  pastes  and  creams  or  the  following  lotion  may  be  tried: 

I^ — Ichthyol 388 

Oleatum  zinci, 

Msgnesi  carbonatis &fi     5ij 

Liquoris  calcia q.s.  ad.      Sviij 

Misoe. 

In  an  editorial  article  Case  suggests  the  use  in  radiodermatitis  of 
Hull's  treatment  for  ordinary  bums.  The  formula  for  the  application 
follows: 

Per  cent. 

Resorcin 1 

Olei  eucalypti 2 

Olei  olivae 5 

Petrolati 25 

Paraffin!    .      .  67 

The  hard  paraffin  is  first  melted  and  the  soft  paraffin  and  olive  oil 
stirred  in.  The  resorcin  is  next  added,  dissolved  in  half  its  weight 
of  absolute  alcohol  and  finally  the  oil  of  eucalyptus,  when  the  wax  has 
cooled  to  about  55°  C. 

Third  Degree. — The  most  difficult  problem  in  the  treatment  of 
reactions  of  the  third  degree  is  to  obtain  relief  from  the  severe  pain. 
Patients  will  welcome  any  new  local  application  only  to  throw  it  aside 
in  an  hour  or  two.  One  remedy  after  another  will  be  tried  until  the 
resources  of  the  pharmacopoeia  and  of  the  physician  are  exhausted. 
Fortunately,  by  that  time  the  pani  will  begin  to  lessen  and  the  remedy 
that  is  l>eing  used  at  the  time,  or  the  physician  who  prescribes  it,  will 
receive  the  credit.  Psychological  influence  can  be  used  to  advantage; 
tact,  patience  and  constant  encouragement  are  essential.  In  addition 
to  the  remedies  already  enumerated  an  ice-hag  placed  on  a  wet  dressing 
may  effect  temporary  relief.  During  the  stage  of  gangrene  or  slough- 
ing, local  remedies  are  of  little  use.  The  injection  of  local  anesthetics 
in  and  around  the  affected  area  seems  to  afford  very  little  comfort  and 
is  not  a  good  practice.  The  weight  of  bed  clothes,  thick  pads  and  band- 
ages are  not  well  borne  and  should  be  avoided. 

It  is  almost  always  necessary  to  resort  to  tlie  internal  administration 
of  sedatives  for  the  first  few  weeks  or  months.  Bromides  and  the 
coal-tar  preparations  are  practically  useless  excepting  in  mild  cases. 
Codeine  and  morphine  will   give  rehef  but  they  must  be  used  very 
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cautiously  and  intelligently  in  order  to  avoid  the  acquisition  of  a  drug 
habit. 

After  separation  of  the  slough  the  pain  can  usually  be  controlled 
by  local  applications.  Slight  stimulation  is  now  indicated.  For  this 
purpose  the  ichthyol  lotion  or  a  zinc  ointment  or  paste  containing  from 
1  to  3  per  cent,  of  ichthyol  may  be  employed.  Care  must  be  taken 
not  to  injure  or  overstimulate  the  delicate  granulations.  If  exuber- 
ant, they  may  be  destroyed  with  the  curette  and  a  10  per  cent,  solution 
of  silver  nitrate.  It  is  pennissible  to  stimulate  sluggish  granulation 
tissue  by  applications  of  silver  nitrate,  beginning  with  a  1  per  cent, 
solution. 

Indolent  ulcers  can  often  be  made  to  granulate  and  heal  by  exposure 
to  the  sun  or  better  still  to  the  ultraviolet  rays  from  the  Kromayer  or 
Alpine  lamp.  The  exposures  at  first  should  be  very  mild  but  later 
the  strength  should  be  sufficient  to  effect  a  mild  er^'thema  of  the 
adjacent  normal  skin.  Two  treatments  a  week  will  suffice.  Scarlet- 
red  ointment,  i  to  5  per  cent,  may  be  of  benefit  in  some  instances. 

Probably  the  best  treatment  for  a  third  degree  radiodermatitis,  if 
not  too  extensive  and  unsuitably  l6cated,  is  surgical  excision.  If  the 
entire  affected  area  is  removed  the  pain  ceases  at  once  and  healing  is 
rapid.  This  saves  months  of  agony,  additional  montlis  of  incon- 
venience and,  most  important  of  all,  it  precludes  the  subsequent 
development  of  sequelae.  During  the  acute  stages  it  is  difficult  for  the 
surgeon  to  ascertain  the  extent,  especially  the  depth,  of  the  injury 
so  that  surgical  intervention  may  be  a  complicated  matter.  Further- 
more, surgeons  do  not  like  to  operate  in  such  cases  because  the  repara- 
tive powers  of  the  tissues  are  so  poor.  In  some  instances  ablation 
can  be  accomplished.  In  others  a  thorough  curettage  with  subsequent 
skin  grafting  can  be  successfully  carried  out.  In  still  others  it  is  better 
to  avoid  surgical  interference  at  least  until  the  extent  and  degree  of 
injury  together  with  the  ability  to  repair,  has  been  determined.  If  an 
ulcer  has  not  healed  in  a  year  it  should  either  be  excised  or  thoroughly 
curetted  and  grafted.  Very  successful  work  of  this  kind  has  been  done 
bv  Porter  and  McArthur. 

Gottheil  reported  an  instance  where  a  chronic  a:-ray  ulcer  healed 
rapidly  after  several  autoserum  injections.  The  lesion  was  improving 
at  the  time  that  the  injections  were  instituted  and  it  is  probable  that 
healing  was  spontaneous. 

Treatment  Advocated  by  Various  Authors. — Dodd  believes  that  baths 
containing  sodium  bicarbonate  at  the  beginning  of  a  reaction  tend  to 
reduce  its  severity.    He  has  found  the  following  prescription  useful: 

I^ — Phenolis Sss 

Glycerini 3j 

Zinci  oxidi Sss 

Liciuoris  calcis q  8.  ad.  5  viij 

Misce. 

Savil  employs  Hilton's  method  in  the  treatment  of  indolent,  painful 
a:-ray  ulcers.    This  consists  in  making  two  semicircular  incisions  one 


t'tK-se  are  allowed  to  heal  by  granula- 
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.ia\iH.-ated  by  Bogrow.    This  consists  of 
.  .fc   ^KiKi^  iatemally  and  the  application  of  an 

0     suiditittl  dioxide  of  hydrogen.    The  combi- 

Aid  ;ia2<*tfnt  iodine  locally. 

.   ^.a;  vimmic  radiodermajtitis  Doumer  employs  gentle 

.  .  »iv  .%av»iisv>f  Jt)  per  cent,  lipoic  acid  in  vaseline  and  the 

....   .Jtuvv  tor  ten  minutes  daily.     Dakin's  solution  has 

\  ^  .\,*;i\i  -u  tho  treatment  of  chronic  J'-ray  ulcers. 

">. v«,uiviiii  vc  Sih^Urtto.     Pigmentation. — ^The  disappearam*e  of  freckles 

*«^mcn(ation  !nay  be  hastened  at  times  by  a  liquid  or 

.N'iiUiiuiuji  "-  grains  of  tx>rrosive  mercuric  chloride  to  the 


.»  H 


\  >. 


«     H\vi».noti  ohloriili  ix»rnwivi gr.  vj 

«.\N\HUI  3J 

t  vuaii.o 'vtiM'iui  588 

t-.ni;i«M\'at»  :uii>4ilula^ ci.s.  ad.  3iij 

V\w  I  iiiulxioa  may  U*  applietl  to  the  affected  parts  two  or  three  times 
AiK\\\ .  Vi  liuics  an  ointment  or  cream  is  more  efficacious.  It  may  be 
.^l»i»lii^l  ill  iHHi-time: 

H.\vltai<>ti  uiuiuoaiAti &&     5J 

kHvi  la\.nuiula* TTlx 

\^l^^»^^  l.»u;v  Sss 

I'ctuiI.kU  .kltu  q-s.  ad.  3j 

riu\M'  ^liiiiulaliug  ivuuHlies  should  not  be  employed  during  or  shortly 
iiUiM  nnuliaiiou.     Ihunng  irraiHation  the  following  prescription  may 

ti     I  iqviiMt  (\,\vli\»^\'uu  viioNuli ^iss 

v.l\*tiun  5ij 

Vjuv  u'Ni'  11.3.  ad.      Siij 

Mr,. 

I'tu  -v^luiu^u  iuu\  U*  applitMl  to  and  rublnnl  into  the  skin  several 
uiuv..  vl.i»l\       li  'Ju»uld  not  Ih*  allowtnl  to  come  in  contact  with  the 

'Ks\\\y  Um\.  \\vh\\^\\y^.  cN clashes  antl  mustache. 

!\  f  ..  .•..•'.. /i  ma\  be  temporary  but  it  is  likely  to  be  permanent. 
\\  \'  ^\\\\.\\y  d»»li^unng.  It  usually  mrurs  only  after  very  severe 
^N**N  uo<\ .  rheiv  is  no  rt^nunly  known  to  the  author  tliat  will  ilevelop 
s^»s^M*h^  \\\  \\w  depiguunted  aivas.     The  following  formula  is  for  a 

\  OM  \\\M  r»  not  voluble  in  water  anil  if  propt*rly  made  it  will  remain 
N^^\  Oh'  Au^  \\\  ^pite  of  washing.  It  can  be  removed  at  once  with  alcohol. 
U  y\\  \\  W  nct^^'^sirv  ti»  appK  several  coats  before  the  light  area  matches 
\f»\  »'\vuual  skuL 

5  Nn*UAU,»rl  ol  \v;ilnut  U»nlj»«>^^ 1  part 

t  is'i  voul.  Mitliitiitn  of  canniiu'  in  anuuatic  spirits  of  aiiiiiioMia  2  part.s 

\\ohx»l °  '^arts 
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TcUingiecia9ia. — ^A  few  large  vessels  may  be  successfully  destroyecl 
y  rtieans  of  electrolysis.  In  any  case  it  is  advantageous  to  destroy 
h^  larger  vessels  by  this  means.  But  it  is  quite  hopeless  to  attenij)t 
h^  removal  in  this  manner  of  extensive  areas  of  telangiectasia,  or 
iven  of  small  areas  where  the  dilated  vessels  are  small  and  numerous. 
Che  teehnic  consists  of  inserting  a  hypertrichosis  needle  into  the 
umen  of  a  vessel.  The  needle-holder  is  connected  with  the  negative 
pole  of  a  galvanic  or  direct,  continuous  current.  The  positive  pole  is 
connected  to  a  wet  sponge  in  the  patient's  hand.  From  \  to  1  milli- 
anapere  of  current  is  passed  through  the  needle  for  a  minute  or  two. 
l^epHjated  applications  may  be  necessary  to  destroy  a  single  vessel. 
The  treatment  may  result  in  scarring.  To  avoid  scarring  use  a  very 
fine  needle  and  do  not  attempt  too  much  at  one  sitting.  The  galvano- 
^^uter}'  and  fulguration  are  sometimes  used. 

The  beta  rays  of  radium  have  been  utilized  in  tte  treatment  of  long- 
standing telangiectasia  but  it  requires  considerable  treatment  to  effect 
^"e  required  degree  of  obliterative  endarteritis.  For  ob\dous  reasons 
such  treatment  is  contra-indicated. 

Refrigeration  (solid  carbon  dioxide;  r02  snow)  as  originated  by 

'^Usev,  if  carefully  employed  is  capable  of  producing  very  satisfactory 

"^ults.     A'-ray  skin  is  exceedingly  sensitive  to  this  treatment  so  that 

^e  first  applications  should  be  very  mild.    Place  the  hard  pencil  of 

^ow  firmly  against  the  skin  and  hold  in  place  for  not  more  than  one 

^^  ti^'o  seconds.    The  time  of  exposure  may  be  increased  cautiously  to 

^^n  seconds  or  more.     Refrigeration  that  will  do  no  more  than  effect 

^n  erythema  or  a  bulla  of  the  normal  skin  may  produce  deep  ulceration 

^d disfiguring  scars  in  or-ray  skin.     It  is  well  to  keep  this  fact  in  mind. 

^ne  drums  or  tanks  of  liquid  carbon  dioxide  are  the  same  as  tliose 

^'^ployed  in  connection  with  soda  fountains,  and  may  be  obtained 

^it)ugh  the  druggist  or  direct  from  the  manufacturer.    To  collect  the 

f'^ow,  roll  an  ordinar>^  blotter  into  the  shape  of  a  tube  al)out  four  inches 

*^  length  with  a  lumen  that  will  fit  snugly  over  the  outlet  of  the  drum. 

A  new  drum  usually  contains  a  little  water  wliich  may  interfere  with 

^e  production  of  snow.    To  get  rid  of  the  water  place  tlie  drum  over  a 

^^'^air  at  an  angle  of  80  or  90  degrees,  open  the  valve  a  little  and  allow 

the  water  to  escaj)e.    Now  place  the  blotting-paper  tube  over  the  out- 

'^plug  the  distal  end  with  cotton,  wrap  a  towel  around  the  tube  and 

^jck  of  the  drum  and  wind  a  heavy  flannel  bandage  over  tlie  whole. 

^cn  tilt  the  drum  to  an  angle  of  about  40  degrees  and  open  the  vahe 

^ly.    The  carbon  dioxide  escapes  as  a  gas  which  lias  a  temperature 

**|^w zero.    The  snow  is  formed  by  the  freezing  of  the  watery  Napor  of 

fn«  atmosphere.    Gas  is  allowed  to  escape  until  a  loud  crackling  noise 

J^'^card.    Removal  of  the  blotting  paper  reveals  a  finn  crayon  of  snow. 

I^e  blotting  paper  method  (originated  by  Touscy)  is  perfectly  satis- 

rf^i>'  for  occasional  use.     Refrigeration  has  the  disadvantage  of 

^  iMunful. 

_^other  method  of  treating  telangiectasia — a  metliod  of   consid- 
^^^  promise  and  one  that  is  painless,  consists  of  the  administra- 
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tion  of  ultraviolet  rays  by  means  of  the  Kromayer  lamp  (Axman  and 
others).  Full  current  is  used,  the  quartz  front  is  pressed  firmly 
against  the  skin  for  purposes  of  dehematization  and  an  exposure  of 
five  seconds  given.  If  the  skin  is  not  unduly  sensitive  the  exposures 
are  increased  gradually  to  one  and  then  to  three  minutes.  Exposures 
of  five  and  even  ten  minutes  have  been  given  but  three  minutes  is  the 
usual  amount.  This  produces  a  bullous  reaction  that  heals  in  from  one 
to  two  weeks.  Treatments  are  given  at  intervals  of  from  two  to  four 
weeks.  Normal  skin  around  small  areas  can  be  protected  by  employing 
a  quartz  front-piece  of  suitable  size  or  by  using  a  piece  of  black  cloth 
containing  a  hole  of  tlie  right  size. 

At  the  best,  telangiectasia  is  a  very  difficult  condition  to  master  and 
it  is  only  by  perserverance  and  the  careful  employment  of  the  enumer- 
ated methods  of  treatment  that  even  partial  success  can  be  attained. 

Atrophy. — ^There  i^  little  if  anything  that  can  be  done  for  this  sequela. 
Rarely  there  is  spontaneous  improvement.  Persistent  massage  may 
accomplish  some  good. 

Dry  Shin. — Dry  skin  is  due  in  part  at  least  to  lessened  activity  of  the 
coil  glands  and  sebaceous  glands.  Unless  these  appendages  have  been 
totally  destroyed  there  is  likely  to  be  some  regeneration.  The  treat- 
ment for  such  skin  is  protection  from  the  cold  and  the  free  application 
of  oily  emulsions,  creams  and  ointments. 

Alopecia. — ^There  is  no  successful  treatment  for  x-ray  alopecia. 
Wigs,  of  course,  can  be  used. 

Keratoses. — ^The  treatment  of  a:-ray  keratoses  and  x-ray  cancer  will 
be  found  in  Chapters  XXX  and  XXXIII. 
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CHAPTER  XVI. 

PATHOLOGICAL  HISTOLOGY  OF  RADIODERMATITIS. 

Most  of  the  systematic  histological  study  has  been  made  on  small 
animals  whose  skin,  particularly  the  epidermis,  is  somewhat  different 
from  that  of  man.  The  findings,  however,  compare  favorably  with 
those  obtained  in  similar  work  on  the  human  skin.  Colwell  and  Russ 
review  the  work  thoroughly  up  to  1914. 

RADIUM. 

Guyot  exposed  white  mice,  at  one  sitting,  to  a  quantity  of  radium 
rays  sufficient  to  produce  a  second-degree  reaction.  Clinically,  toward 
the  end  of  the  first  week  there  was  erythema  followed  in  a  day  or  two  by 
desquamation.  The  hair  began  to  fall  by  the  end  of  the  second  week. 
During  the  third  week  there  was  edema,  denudation,  exudation  and 
crusting.  Ulceration  and  crusting  continued  until  the  third  month. 
Healing  occurred  in  the  fourth  month.  There  was  almost  complete 
regeneration  of  hair  within  six  months.  It  may  be  interjected  here  that 
the  hair  follicles  of  human  skin  never  regenerate  after  second-degree 
reactions.  The  skin  of  small  animals  tolerates  comparatively  large 
doses  and  shows  greater  ability  to  repair  damage  than  does  human  skin. 

Microscopical  Ezainination. — As  early  as  the  third  day  there  was  a 
proliferation  of  epithelium  and  an  increase  in  connective-tissue  cells, 
together  with  dilated  vessels.  Epithelial  proliferation  continued  until 
the  tenth  day  after  which  the  cells  degenerated;  the  entire  thickness  of 
the  epidermis  was  destroyed  by  the  tenth  day.  In  the  meantime  the 
cutis  had  become  thickened  by  edema,  the  connective-tissue  elements 
had  increased  markedly  and  there  were  a  few  scattered  leukocytes.  In 
the  next  two  weeks  the  picture  was  much  the  same  with  the  exception 
of  an  acanthosis  at  the  periphery  of  the  ulcer  with  epithelial  down- 
growths  extending  deep  into  the  derma.  The  rete  prolongations, 
together  with  keratohyaline  degeneration  and  cell  nests,  produced 
a  picture  suggestive  of  epithelioma.  During  the  second  month  there 
was  considerable  infiltration  of  the  derma  and  the  edema  became  more 
intense.  The  connective  tissue  then  degenerated  and  the  cutis  became 
a  mass  of  granulation  tissue.  On  the  ninety-fifth  day,  after  clinical 
recovery,  the  marginal  epidermal  h^-pertrophy  and  the  downward 
prolongations  were  still  present.  The  cutis  was  more  compact  than 
normal,  elastic  fibers  were  present  and  bloodvessels  were  numerically 
decreased.  The  hair  follicles  were  beginning  to  regenerate.  The 
arrectores  showed  very  little  change.    At  the  end  of  five  months  the 
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of  appendages.     Domiiiiti  was  impressed  with  the  resemblance  to  a 
rapidly  growing  fibroma. 

Halkin  employe*]  young  pigs  because  the  skin  resembles  that  of  man. 
The  stren^h  of  the  applicatiiHi  was  snfficient  to  pHxhice  superficial 


RADIUM 


2:{!l 


Duiniiiici  titudied  the  irradiated  skin  of  t;uine!i-pipi.  Clinically, 
erj'theina  developed  in  ten  days,  ulceration  in  alKiut  tlirw  wirks  and 
healing  txfurred  in  six  weeks.  Microscopirally,  at  the  end  of  ten  da\'s, 
the  epidermis  showe<l  intercellular  edema  with  changes  in  the  pnito- 
plasiii  and  nucleus.  This  was  followed  by  dcsciuainatinn.  In  ailditiiui 
to  the  ordinary  signs  of  inftamination  in  the  denna,  I  )oniinici  nottil  tliat 
the  cutis  was  composed  largely  of  young  ccmnwtive-tissne  cells.     The 


vasi-ular  walls  were  redmtwl  to  stellate  cells  whose  [iroloritiiiiiou^ 
iWed  R-ith  the  fibroblasts  and  the  endntliehiil  eciU.  'I  lie  non-^tii 
Diiiscle tLs.sue  crould  hanily  be  distinguished  from  tlie  (■iinriectiv<-  ti; 
T™  process  seemed  to  be  onibryonie  and  iln^:illnl;l((llt^  aiul  «jis  v. 
'nestage  of  embrj^onic  repression.  Tlie  linjil  s(iij;i\  jit  tlie  end  n 
tttsM-en  months,  was  fibrosis.  The  y<nni;r  eonneeli\e-ti>siie  eelis 
converted  into  parallel  bundles  <.f  dense  fibrous  tis>ue.  VAn^uv  \\ 
s«med  toheincrea.sed.     There  was  no  reireiicriitinu  unr  new  I'uriiui 
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Fifth  Day, — Epidermis. — ^The  cell  nuclei  were  unstained.  Chro- 
matin debris  was  found  between  the  cells.  There  was  both  intracel- 
lular and  intercellular  edema.  Dernia,  The  nuclei  of  the  connective- 
tissue  cells  had  disappeared.  There  was  considerable  nuclear  debris. 
Small  hemorrhages  had  occurred.  The  muscular  tissue  was  well 
preserved.  All  the  vessels,  even  those  of  the  subcutaneous  tissue,  were 
degenerated.  In  the  latter  locaticm  there  were  numerous  eosmophiles. 
The  epithelium  of  the  hair  follicles  showed  marked  degenerative 
alterations. 

Seventh  Day, — The  epidermis  had  disappeared  in  the  center  of  the 
irradiated  area.  At  the  periphery  the  epidermis  was  thickened  and 
epithelial  downgrowi:hs  extended  into  the  cutis.  The  cells  in  this 
part  of  the  epidermis  showed  no  marked  changes.  The  eosinophiles 
in  the  subcutaneous  tissue  had  disappeared. 

Eleventh  Day, — ^^fhe  conspicuous  features  were  deep  and  extensive 
downgrowths  of  the  rete  at  the  periphery  of  the  denuded  area,  with 
keratohyaline  degeneration,  cell  nests  and  whorls  very  similar  to  those 
seen  in  metastatic  epithelioma.  The  vessels,  even  the  larger  ones  of  the 
deep  cutis  and  subcutaneous  tissue,  depicted  a  profound  disintegration 
of  endothelium,  to  such  an  extent  as  to  practically  destroy  the  cutaneous 
circulation. 

Fourteenth  Day, — There  was  almost  total  destruction  of  the  con- 
nective-tissue elements.  The  do\\Tigrowths  of  epidermis  were  even 
more  marked  than  on  the  eleventh  day.  This  was  the  last  specimen 
examined. 

X-RATS. 

Wry  little  experimental  histological  work  has  been  conducted  in 
connection  with  the  j--rays,  especially  in  the  acute  reactions.  Most  of 
the  examinations  have  been  made  on  human  skin  in  cases  of  chronic 
radiodermatitis,  J'-ray  sequelfe,  or  or-ray  cancer. 

Darier,  in  coUaboratitm  with  Oudin  and  Barth61emy,  studied  the 
roentgenized  skin  of  guinea-pigs  in  1897.  They  lay  stress  on  the 
marked  thickening  of  all  the  layers  of  the  epidermis,  fibrosis  of  the  cutis 
and  complete  destruction  of  the  appendages. 

Gassmann  devoted  especial  attention  to  the  vascular  changes  in 
ulcerative  radiodermatitis  of  rabbits.  He  observed  marked  vacuoliza- 
tion of  the  nniseular  coat.  The  endothelium  was  swollen  and  pro- 
liiVrated  to  the  ])oint  of  complete  obliteration.  The  elastica  was 
fragmented.  The  same  endothelial  changes  were  noted  in  the  l>Tn- 
phatics. 

Scholt/,  using  ])igs,  examined  the  irradiated  area  seven  days  after 
(^xi)osure  at  which  time  there  was  no  macroscopical  evidence  of  reaction. 
The  stratum  cornemn  was  less  compact  than  normal,  the  prickle-cell 
layer  was  fused,  presenting  a  somewhat  homogeneous  apj>earance. 
Tlie  indi\'idual  cells  were  vacuolated,  the  nuclei  broken  up  and  the 


fw.  SI, — The  riithl  nf  jihutograph  rirprewiils  i^dgi:  "f  thin)  dcRTw  j-my  ulcer.  Note 
";•  «r«iln»l  Umb  of  <'pi<lorinii>.  A  lilllu  turtlur  from  the  uli'er.  toward  the  left  of  Ihe 
I^N.  lie  I'jHdEnniti  hecompB  increnauiBly  hyperplBstip.  On  Ihe  rii{lit  aido  of  tha 
'"■'^'r  the  njllagen  of  the  epirtemiis  ahuw*  cunsidersWe  deuenprntion.  Note  tbe 
'>»Uliitdiliiiation  and  absence  of  infill  rat  ion.      Zeiss  Piapar  Obj.  20  mm. 
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Tissue  was  examiiieci  after  clinical  ulceration  had  become  manifest, 
The  superficial  epidermis — stratum  corneum,  hicidiini,  Rranulosum — 
had  disappeareil,  the  space  being  occupiet]  by  pus  cells,  debris  and 
bacteria.  The  blooihessels  were  degenerated  and  there  were  marked 
alterations  in  the  fibrous  tissue.     The  elastic  tissue  was  unaffected. 

Rowntree  lays  especial  emphasis  upon  the  hypertrophy  of  the 
epidermis  in  areas  receiving  small  amomits  uf  j^-rays  and  at  the 
periphery'  of  sc\'ere  reactions,  as  obser\'e<l  in  guinea-pigs  and  rabbits. 


1 


Fia.  H2.— "ChninH ■■  rmJimlLriiialilii.  TLt  iuIIhj(oii  is  liudly  di'si-ueraled.  Iho 
vesselB  an.'  cnunuoualy  diUtod.  and  llic  upidcriiiiB  in  iiliuiis  lias  almiKit  disnppenred. 
Clinically,  there  were  VHriclm  covered  with  a  thickened  horny  layer  and  exudation  from 
under  the  bcsIb,     Zeiss  Obj.  8  nuu.     Comp.  Oc.  4. 

Human  Sldn. — Climet  relates  a  case  of  chronic  hj-pertrophic  radio- 
dermatitis  produced  by  repeated  filtered  j'-ray  exposures  over  a  period 
of  several  months.  There  was  no  preliminary  or  preceding  acute 
reaction.  Clinically  the  eruption  consisted  of  a  low-grade  inflammation 
with  perceptible  thickening  of  the  skin,  Histologicallj'  the  feature  of 
special  interest  was  the  acanthosis,  the  epidermis  being  composed  of 
forty  layers  of  cells. 
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Thies  exposed  his  ovm  skin  to  railium  and  renmved  &  section  for 
nicmscopical  study  mi  the  teiitli  thiy  Ht  winch  time  there  was  no 
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Fio.   83.— ■■(■hruiik'"   raiiioiUtrimiitU,      A.»i.ilmsis.  willi  dow.i«iowth  of  i-pidemiis 
dc|!Pncrnlion   u[  di'tiiiu  iiiul   \'>'ty  tiiurkvil   ililatatiou  of  bloodvessels   mid   lymphaticB 
ZeiMPIannrObj.  20  min. 
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clinical  reaction.  He  noted  ordinary  inflammatory  changes  in  the 
derma.  The  epidennis  was  sHghtly  thickened,  the  cells  stained 
poorly,  the  regular  arrangement  of  the  basal-cell  layer  was  interrupted 
and  there  was  an  invasion  by  lexikocj'tes  of  the  lowermost  part  of  the 
epidennis. 

Unna  made  a  very  exliaxistive  histological  study  of  four  cases  of 
chronic,  ulcerative  roentgen  dermatitis,  but  as  usual,  it  is  difficult  to 
follow  liim  through  the  mass  of  detail.  He  found  both  atrophy  and 
hyiK*rtrophy  of  the  epidermis,  the  latter  iLsually  situated  at  the  peri- 
phery of  the  ulcer,  with  downgrowths  into  the  cutis  and  a  tendency  for 
the  cells  to  become  cornified.  In  the  corium  he  emphasizes  the  market! 
intercellular  edema,  basophilic  degeneration  of  collagen  and  the  final 
very  dense  structure  of  the  connective  tissue.  He  found  the  usual 
vascular  changes  and  atrophy  of  the  appendages.  HjT>ertrophy  of 
the  smooth  muscles  was  note<l. 

Linser,  during  the  .r-ray  treatment  of  a  case  of  lupus,  studied  the 
irra(liate<I  tissue  at  intervals  of  four,  eight,  ten,  twenty  and  thirty  days. 
The  first  change  ol)ser^'ed  consisted  of  swollen  endothelium  leading  to 
throml)osis,  and  a  perivascular  infiltration  of  leukocj'tes.  This  was 
followed  by  a  degeneration  of  the  walls  of  the  vessels  and  marked 
inflannnatory  changes  in  both  tlie  derma  and  epidermis.  The  final 
result  was  complete  repair.  Linser  is  of  the  opinion  that  the  epidennis 
is  not  directly  nor  pennanently  affected  regardless  of  the  amount  of 
irradiation. 

Charles  J.  White,  working  in  collaboration  with  C.  A.  Porter,  made  a 
careful  histologi(*al  exann'nation  of  numerous  pieces  of  tissue  removed 
from  an  area  of  i-hronic  radiodermatitis,  the  specimens  representing 
the  various  stages  of  evolution  from  x-ray  skin  to  epithelioma.  White 
was  considerably  handicappiHi  by  being  given  stained  specimens  so 
that  he  was  imal)le  to  ol)tain  the  advantage  of  various  staining  methods. 
It  is  unfortunate  that  he  did  not  attempt  a  summar\'  of  his  splendid 
work  as  the  mass  of  histological  detail  is  bewildering  and  represents 
almost  every  known  phase  of  epidermic  deviation  from  the  normal. 
The  cellular,  vascular  and  protoplasmic  alterations  were  marked  and 
varied.  Many  of  the  sections  studied  represented  well-developed 
nictastati<'  epitlieliomata. 

'^riiere  was  one  particularly  interesting  slkle  in  Porter's  series  exam- 
ined by  Mallory  and  Wright,  taken  from  a  growth  subsequent  to  the 
removal  of  a  jmibable  ulcerated  .r-ray  epithelioma.  The  slide  showed 
an  enormous,  i>val,  cellular  mass  sharply  outlintnl  and  limiteci  by  dense 
connei'tive  tissue.  Tlie  mass  was  conipose<l  of  rapidly  growing,  young 
connective  issue  cells  and  a  small  numl)er  of  thin-walled  bloodvessels. 
The  individual  cells  were  separati*<l  l)y  collagenous  fibrils  and,  together 
with  these  fibrils,  w(»re  formal  into  small  bundles  which  ran  in  everj* 
direction.  This  picture  suggt\sts  the  stage  of  embr>'onic  regression 
mentioned  l)y  l)omini<i  or  a  rapidly  growhig  fibroma.  Mallory 's 
interpretation  was  tliat  it  represented  an  unusual  reparative  process 
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A  the  part  of  barily  injuretl  ciiiineftive  tissue.     Wright,  nn  the  other 

h«nd,  was  iDclined  to  favor  the  possibility  of  a  spiiidleH-elleil  HarcinnJi. 

The  *Titer  encountered    two   similar  eases.     In   bolli    iiiMlaiices. 

IiiUofting  ihe  excision  of  x-ray  cancer,  there  apiicareti  a  liarlv-rcil, 
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smooth,  fairly  firm  growlh  which  attained  the  size  of  a  cherry  in  a  few 
weeks.  Under  the  microscope  the  tissue  possessed  the  characteristics 
of  angiofibroma  and  angiosarcoma  but  the  final  diagnosis  was  unusual 
granulation  tissue.  The  tumors  disappeared  spontaneously  in  a  few 
weeks. 

The  best  article  on  this  subject  in  the  English  language  is  that  by 
Wolbach  who  obtained  his  material  from  Dr.  Porter.  The  work 
includes  a  careful  study  of  all  phases  of  chronic  radiodermatitis,  a'-ray 
skin,  keratoses,  ulcers  and  epitheliomata.  The  tissue  was  taken  from 
six  cases,  the  excisions  being  made  under  general  anesthesia  and  the 
tissue  immediately  placed  in  Zenker's  fluid.  A  large  nimiber  of  stain- 
ing methods  were  employed.  It  is  impossible  to  give  the  histological 
minutse  of  this  exhaustive  study.  Every  word  of  the  article  should  be 
read  by  those  who  are  interested.  Wolbach's  excellent  summary  is 
herewith  given  verbatim: 

1.  "  Changes  in  the  Connective  Tissue  of  the  Corinm  and  Subcutaneous 
Tissue. — The  most  conspicuous  of  the  constant  changes  in  the  corium 
are  the  rarefication  immediately  beneath  the  epidermis  and  the  great 
density  of  the  connective  tissue  deeper  down.  The  loose-textured  con- 
nective tissue  immediately  below  the  epidennis  is  best  interpreted  as 
imperfect  repair  of  degenerated  connective  tissue  due  at  first  to  the 
direct  action  of  the  Ji'-rays.  The  imperfect  repair  and  subsequent 
degenerations  are  due  most  probably  to  the  vascular  lesions.  The 
presence  of  degenerated  hyaline  collagenous  material  throughout  the 
depth  of  the  corium  must  be  a  direct  effect  of  the  rays.  That  this 
modified  collagenous  material  represents  inert  or  dead  tissue,  if  such  a 
term  may  be  used  in  speaking  of  intercellular  substance,  is  proved  not 
only  by  the  physical  appearance  and  staining  reactions,  but  also  by  the 
presence  of  young  connective-tissue  cells  surrounded  by  normal  appear- 
ing collagenous  fibrils  between  the  masses  of  this  dense  collagenous 
material.  Further  proof  is  furnished  by  the  finding  of  isolated  masses 
of  similar  material,  identical  in  appearance  and  staining,  in  the  granu- 
lation tissue  below  the  ulcerations.  This  diffuse  aseptic  necrosis  of 
connective  tissue  and  resulting  diffuse  proliferation  of  connective-tissue 
cells  is  probably  directly  responsible  for  the  obliteration  of  blood-  and 
I>Tnphvessels.  Repeated  exposures  to  the  .r-rays  is  in  this  way 
accountable  for  the  production  of  successive  deposits  of  collagenous 
material,  and  this  is  the  only  satisfactory  explanation  of  the  great 
density  of  the  deep  corium.  Areas  of  fibrin  in  tissues  many  months 
after  the  last  exposure  to  the  rays  prove  that  tlie  lesions  arc  slowly 
progressive.  The  marked  increase  of  elastic  tissue  almost  constantly 
found  is  diflScult  to  account  for.  That  a  new  formation  occurs,  may  be 
proved  by  the  association  of  delicate  elastic  fibers  with  new  connective- 
tissue  cells.  Coarse  fibrils  present  may  represent  remains  from  suc- 
cessive crops  of  connective  tissue  which  have  undergone  degeneration. 
The  presence  of  many  degenerated  fibers  suggests  this  explanation. 
The  question  needs  more  elaborate  study. 


"Many  of  the  connec-tive-tissue  t-ells  iii  tlie  rarefied  corium  are  of 
exlradniinary  size  with  large-processed  nut-lei.     Many  have 
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Fjo.  85. — ^"Chronic"  rndiodermaliliit.  Atrophy  of  cpidcniiia.  telnngii-c-lii-m.  rim- 
iBDts  of  hair  folliolM,  apbuceuua  i^aiida  and  coil  slnnds.  The  large  dark  »ri-»H  :ir>>iii>il 
'AiB  grently  entargud  tiloodvcsBcls  id  the  upper  cuLis  repreHot  degpnerated  i-olUgen  Ibat 
■Ui&i  blue  with  hemaloiyliD-eown.     Zeiw  Planar  Obj.  2Q  min. 
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small  nuclei  each  containing  a  particle  of  chromatin.  These  cells 
may  be  distinguish(»d  from  endothelial  cells  by  the  presence*  of  fibroglia 
fil)rils.  Api)arently  they  do  not  form  collagenous  material.  With  the 
methylene  blue  and  eosin  stain,  protoplasm  stains  a  deep  blue.  A  few 
are  vacuolated.  Similar  large  cells  are  found  in  the  fat  lobules  of  the 
sul)cutaneous  tissue,  where  the  fat  is  undergoing  resorption.  The 
interi>retation  is  that  these  cells  are  the  result  of  proliferation  under 
conditions  of  poor  nutrition.  As  they  are  found  only  where  there  is 
multiplication  of  connective-tissue  cells,  they  must  represent  imperfect 
growth  and  differentiation. 

2.  ''Changes  in  the  Smooth  Muscle. — ^The  large  size  of  the  arrector 
I)ili  mus<'les  and  tlie  thickness  of  the  nuclei  of  arteries  has  led  some 
authors  (I'nna  and  Wyss)  to  speak  of  the  condition  as  one  of  smooth 
nniscle  h^-pertrophy.  In  the  present  study  degenerate  changes  were 
always  present  and  the  large  size  of  the  smooth  muscle  cells  is  due 
to  vacuolization  (noted  by  numerous  authors)  and  distention  of 
the  cell  with  hyaline  material,  the  latter  easily  demonstrable  by  the 
phosphotungstic  acid-liematin  stain.  In  cases  of  long  duration  only 
atrophic  remains  of  the  arrector  pili  muscles  were  found,  showing  that 
the  changes  noted  are  unquestionabl}-  degenerative.  This  degenera- 
tion of  sin(K)th  muscle  \v\\l  be  considered  again  in  connection  with 
vessel  changes. 

3.  ''Changes  in  the  Vessels, — The  study  of  the  lymphatics  of  skin 
which  is  the  seat  of  chronic  changes,  presents  extraordinary  difficulties 
when  attempte<l  by  the  methods  employed  in  this  study.  The  unques^ 
tionable  obliteration  of  blood  capillaries  and  the  extreme  difficulty  of 
demonstrating  the  lymphatics  in  the  tissues  studied  makes  the  assump- 
tion warrantable  that  there  also  has  been  obliteration  of  lymphatics. 

**The  changes  in  the  bloodvessels  on  the  other  hand  are  eamly 
demonstrable.  The  telangiectases  apparently  develop  from  pre- 
existing capillaries,  those  of  the  papillae  of  the  corium.  Various  stages 
of  dilatation  of  thesi*  capillaries  can  be  seen  in  connection  with  other 
changes,  in  lesions  of  varying  intensities  from  different  cases.  The 
mechanism  of  their  formation  cannot  be  discovered  through  histo- 
logical examination,  though  obliterative  changes  in  the  larger  vessels 
and  in  the  deeper  anastomosing  capillaries  must  play  a  part.  Another 
factor  to  be  taken  into  consideration  is  possible  traction  upon  the 
capillary  walls  exerted  by  contracting  connective  tissue.  New  colla- 
genous material  is  frequently  laid  down  between  the  meshes  of  older 
degenerated  fibrous  tissue  and  undoubtedly  must  undergo  some  con- 
traction before  the  dense  stage  is  reached.  Thrombosis  of  these 
telangiectases  is  conmion  and  is  usually  assoc»iated  with  necrosis  of 
the  tissue  immediately  surrounding  as  well  as  of  the  lining  endothelium. 
Obliteration  of  capillaries  by  proliferation  of  endothelium  is  a  fairly 
constant  finding  in  most  of  the  cases  studied. 

"The  obl'+'*''«^tive  changes  in  the  veins  and  arteries  are  nuinifeste<l 
chiefly  r  crease  of  connective  tissue  beneath  the  endothelium 


ami  in  marked  thickening  of  the  inc<Iia.     In  the  arteries  tluTc  is 
ili»api)earaiit.-e  iif  the  ela^-tiL-  laiiiinu  iititi  a  snh.stltutioii  of  a  thick. 


Fio.   S6. — "Chronii'"  ruilii 


irre^lar  hand  of  hyaline  collaKeiunis  inutcrial.     Tlic  thickcniii  iiilinia 
is  composed  of  connective  tissue  with  inucli  njlhiK<'""iif^  iiitiTcelhihir 
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substance.  The  endothelium  is  often  composed  of  swollen  and 
vacuolated  cells  which  occasionally  form  tufts  of  cflls  projecting  into 
the  lumen. 
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**  The  finding  of  mitotic  connective-tissue  cells  in  one  case  four  years 
after  the  last  exposure  illustrates  the  extreme  slowness  of  this  process, 
as  well  as  its  progressive  character.  In  advanced  cases  of  obliterative 
endcirteritis  the  media  is  wholly  replaced  by  connective  tissue  with 
many  large  branching  fibroblasts.  In  all  of  the  cases  studied  oblitera- 
tive changes  have  been  found  in  some  of  the  vessels,  though  normal 
vessels  are  usually  also  found. 

^  4.  **  Changes  in  the  Epidermis. — Except  over  foci  of  acute  degenera- 
tion of  the  corium,  h>T>ertrophy  of  the  epidermis  is  a  constant  finding. 
The  hypertrophy  in  most  cases  is  in  the  form  of  a  fairly  uniform 
thickening  of  the  epidermis.  In  other  cases  there  are  local  more  marked 
hypertrophies  taking  the  form  of  keratoses  and  downgrowths.  In 
nearly  every  case  there  are  numerous  areas  where  the  proliferation  of 
epidermis  seems  unquestionably  to  be  due  to  disappearance  of  con- 
nective tissue  in  the  corium  which  has  not  the  power  to  repair  itself. 
The  downgrowlh  of  epidermis  is  analogous  to  the  growth  of  the 
corneal  epithelium  following  an  incised  wound  of  the  cornea,  or  even 
gaping  wounds  of  the  cornea  such  as  may  be  made  by  plowing  beneath 
the  corneal  epithelium  with  a  sharp  triangular-shapeid  needle  (Glover's 
needle). 

*' Extensive  undergrowths  of  epidermis  are  found  in  several  cases 
liaving  all  of  the  characteristics  of  carcinoma  with  and  without  evidence 
of  invasion.  The  cases  showing  metastatic  growths  have  not  been 
included  in  this  report.  Growth  of  epidermis  into  thrombrosed  telan- 
giectases is  unusual  and  must  be  interpreted  as  indicative  of  increased 
powers  of  growi:h.  Generally  the  epitheUal  downgrowths  are  surrounded 
by  zones  of  dense  infiltration  of  lymphoid  and  plasma  cells,  eosino- 
philes  and  polymorphonuclear  leukoc>i:es.  The  epidermis  where  there 
is  evidence  of  greatest  proliferation  of  the  basal  layers  has  a  thin  homy 
layer,  as  if  the  whole  capacity  of  the  epithelium  were  taxed  to  preserve 
its  continuity. 

*'  In  general  the  increased  thickness  of  the  epidermis  and  the  produc- 
tion of  wart-like  growths  or  keratoses  and  downgrowths  is  best  explain- 
ed as  the  result  of  constant  active  proliferation  called  for  by  the 
constant  i)r()(luction  of  small  defects  in  the  underlying  corium.'' 

GENERAL  SUMMARY. 


There  is  no  essential  histological  difference  between  the  reactioi  J 
produced  by  radium  and  that  caused  by  the  or-rays. 

The  earliest  changes  are  inflammatory  and  appear  to  consist  of  s 
<lilatation  of  the  vessels  throughout  the  cutis,  including  those  of  th  jm 
ai)i)en(lages.     The  endothelium  is  swollen.     The  first  signs  of  infiltrars 
tion  are  seen  in  the  ])erivascular  lyni])h  spaces.     The  infiltrating  celF^ 
are  mainly  lymphocytes  with  some  young  connective-tissue  c*ells. 
dermal   structures  become  swollen,  the  swelling  being  due 
«Uula^  tracellular  edema.    The  alterations  in  the  epideri 
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TV  sei'oiularv  and  consist  of  intercrllular  and  intra(vllnlar  t*<UMna  and 
%\it  acantliosis. 

If  the  n'ac'tion  oontinues  the  histologic  evidcnir  of  inflainniation 

W-«)ines  more  manifest.     The  infiltration  ct»asi»s  to  Ik»  focal;  small 

nmnd  cells  Inrome  scattered  thniughout  the  denna.    The  lymph 

>paces  and  the  bloodvessels  are  widely  dilate<l  and  congesttMl.     Their 

walls  l)ec\»me    swollen    and   the   endothelial    cells   pn)liferate.     The 

luinina  »f  many  of  the  capillaries  are  occluded.    The  apiH'ndages  are 

infiltrated,  their  vessels  depict  the  same  changes  as  <io  those  of  the 

(leraia,  and  more  or  less  complete  destruction  follows  c^lema  and 

degeneration  of  their  epithelial  cells. 

If  the  injury  is  severe  the  collagt*n  shows  distinct  evidence  of  degen- 
eration, often  basophilic,  staining  blue  instead  of  red  with  hematoxylin- 
eosin.  The  vessels  undergo  degeneration  and  some  are  completely 
(lestroyeil.  The  musc*les  may  be  so  altered  as  to  l>e  almost  indis- 
tinjfuishable  from  collagen.  Elastic  tissue  is  \ery  rtsistant  but  it  is 
likely  to  be  fragmente<l.  Close  to  the  epidennis  the  fibrous  tissue 
becomes  granular  and  may  be  replaced  by  granulation  tissue.  The 
<lestructiun  of  the  denna  deix^nds  upon  the  degrtn*  of  injury.  In  very 
*vere  third  degree  reactions  ulcrration  may  extend  down  to  the 
sul)cutaneous  tissue. 

In  the  profound  reactions  the  infiltration  early  invades  the  epidennis. 
There  is  a  very  marked  intercellular  and  intra<-ellular  c<Ienia,  vacuoliza- 
tion,  loss  of  prickles,  poor  staining  qualities,  loss  of  nuclei  and  dis- 
organization of  the  basal-i'ell  layer.  This  is  followi^l  by  erosion,  even 
to  complete  disappearance  of  the  ei)idermis.  At  the  nigc  of  the 
woded  area  and  particularly  at  the  margin  of  chronic  ulcers,  the  epider- 
nns  IS  acanthotic,  sometimes  to  an  extreme  degree,  and  there  may 
oe  irregular  downgrowths  and  keratinization.  Tangential  sections 
through  such  tissue  yield  picturc^s  suggestive  of  epithelioma. 

1  he  histological  findings  in  chronic  radicMlerniatitis  (.r-ray  skin)  are 
complex  and  depend  upon  the  degree  of  injury  and  the  completeness  of 
f^pair.    In  t^o  instances  clinically  normal  skin  was  obtainnl  three 
} ears  subsequent  to  a  first  degree  radi(Klerniatitis.    The  histological 
wammation  was  negative.     In  another  instance  there  was  clinical  and 
istological  evidenc*e  of  telangiectasia  but  otherwise  the  examination 
negative.    In  still  another  histance  there  was  clinical  atrophy 
out  telangiectasia   two  years  subsecpient  to  a  mild  first  degree 
^T^*^'    Histologically,  with  the  exception  of  a  reduction  in  the  size 
sdenw^       P^gs,  the  epidermis  was  normal,  but  there  was  a  slight 
benu^  •      J^raction  of  connective  tissue.     The  vessels  sirmed  to 
dilated  ^"ti^     ^™inished  and  most  of  those*  present  were  somewhat 
^Utt)  li  •  f  ^l^tica  was  nonnal.     Coil  glands.  seba<rous  glands  and 
^  J*    *^ '^IHcles  were  present  but  they  were  diminished  in  number 

injury^  ^J^on  late  picture,  following  complete  repair  of  a  severe 
thinned  epidermis  with  loss  of  pegs  and  a  sclerotic,  compact 


256       PATHOLOGICAL  HISTOLOGY  OF  RADIODERMATITIS 

connective  tissue.  There  is  likely  to  be  a  paucity  of  vessels  and  those 
present  are  apt  to  be  markedly  dilated.  There  is  usually  complete 
absence  of  all  appendages.  The  elastic  tissue  may  be  normal,  frag- 
mented, increased,  or  collected  in  masses.  There  may  be  an  inter- 
ferance  with  normal  keratinization  as  evidenced  by  hyperkeratosis  and, 
at  times,  parakeratosis. 

In  instances  where  the  tissue  has  been  injured  beyond  the  possibility 
of  complete  repair,  the  papillary  body  and  the  subpapillary  layer  is 
usually  edematous  and  the  collagen  badly  degenerated.  This  part 
of  the  derma  may  fail  to  take  the  stain.  In  places  the  degenerated 
connective  tissue  may  stain  blue  with  hematoxylin-eosin  (basophylic 
degeneration).  Such  tissue  may  be  granular  or  the  bundles  and  fibers 
may  be  fairly  well  preserved.  Occasionally  one  encoimters  large 
masses  composed  of  swollen  fibers  and  granular  debris.  This  tissue 
stains  blue  with  hematoxylin-eosin  and  also  takes  the  elastic  tissue 
stains.  It  is  probably  degenerated  elastic  tissue — elacin.  The 
elastic  tissue  varies  from  normal  to  complete  absence;  or  it  may  be 
fragmented  or  found  only  in  dense  masses.  Bloodvessels  are  either 
sparsely  distributed  or  widely  dilated.  There  is  usually  very  little 
infiltration.  Over  such  areas  the  epidermis  may  be  atrophic,  badly 
degenerated,  dyskeratotic  or  hypertrophic.  The  tinctorial  qualities 
are  poor,  there  is  an  absence  of  nuclei,  the  cells  are  edematous  and 
degenerated,  and  there  is  usually  a  marked  hyperkeratosis.  This  is 
the  histological  picture  of  a  clinical  keratosis  and  represents  one  way 
in  which  epithelioma  develops.  As  Wyss  has  observed,  or-ray  epithe- 
lioma is  the  first  experimental  cancer.  Unna,  Ribbert,  Wyss  and 
especially  Wolbach  aver  that  it  is  primarily  the  progressive  vascular 
changes  and  the  consequential  alterations  in  the  cutis  that  cause  the 
epidermis  to  assume  proliferative  properties  in  order  to  preserve  its 
integrity.  The  cells,  living  in  a  changed  environment  acquire  inde- 
pendent powers  of  growth  at  the  expense  of  difl^erentiation  and,  also 
at  the  expense  of  other  living  tissue — a  gradual  development  of 
malignancy.  As  stated  by  Wolbach,  "the  acquisition  of  malignant 
powers  is  completed  during  years  of  active  proliferation  accompanied 
l)y  progressive  impairment  of  nutrition.  This  much  we  have  micro- 
scopic evidence  for,  and  the  h>T)othesis  that  the  former  is  a  direct 
sequence  of  the  latter  seems  justifiable.  Finally,  it  is  not  far  removed 
from  von  Hansenmann's  hypothesis  of  tumor  origin,  that  of  anaplasia 
wherein  the  power  of  groiv-th  is  attributed  to  reversion  to  the  stage  of 
proliferative  function  at  the  expense  of  differentiation." 

Unna  and  others  think  that  telangiectasia  is  due  to  retraction  of  the 
connective  tissue  of  the  derma.  In  this  connection,  however,  and  con- 
trary to  general  opinion,  irradiation  is  likely  to  profoimdly  influence 
the  function  and  distribution  of  elastic  tissue.  Most  investigators 
believe  that  the  cutaneous  vascular  apparatus  is  the  part  primarily 
and  most  profoundly  injured.  This  is  quite  likely  so  but  it  must  be 
remembered  that  the  action  of  j--rays  and  radium  rays  is  on  the  indi-» 
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vidual  cell  so  that  the  final  result  is  the  combined  eflFect  of  irradiation 
on  the  cells  of  all  the  tissues  with  subsequent  successfiJ  or  abortive 
attempts  at  repair.  Histology  does  not  demonstrate  the  cause  of  the 
reaction.  Cytology  and  biochemistry  afford  a  reasonable  hypothesis 
(Chapter  XIII). 
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CHAPTER  XVII. 

IDIOSYNCRASY. 

In  spite  of  the  fact  that  this  difficult  subject  has  been  under  dis- 
cussion for  many  years  there  is  as  yet  no  absolute  unanimity  of 
opinion.  In  1911  Arcelin,  in  an  endeavor  to  obtain  a  representative 
opinion,  questioned  thirteen  leading  roentgenologists.  Seven,  among 
whom  were  Bergonie,  Bordier,  and  Noir6,  thought  that  idiosyncrasy 
did  exist  while  six,  among  whom  were  Belot,  Bordet,  Darier,  Guille- 
minot,  and  Kienbock,  held  the  opposite  opinion.  Twelve  years  ago 
(1908)  the  writer  obtained  the  opinions  of  the  leading  American 
roentgenologists  on  the  question  of  idiosjTicrasy.  A  few  men,  among 
whom  were  Piffard  and  Caldwell,  were  beginning  to  believe  that 
idiosyncrasy  was  largely  technical  rather  than  biological.  Most  of 
the  men,  however,  were  firmly  convinced  that  true  idiosyncrasy  of  a 
pronounced  degree  was  of  fairly  common  occurrence.  In  Februar>% 
1920,  the  following  American  roentgenologists  and  dermatologists 
were  asked  if  they  believed  that  there  was  an  idiosyncrasy  to  the 


j'-ravs : 

«< 

W.  A.  Pusev 

% 

W.  D.  Witherbee 

Howard  Fox 

G.  E.  Pfahler 

R.  I).  Carman 

J.  T,  Case 

H.  H.  Hazen 

Russel  Boggs 

J.  G.  \an  Zwaluwenbui^ 

H.  K.  Pancoast 

II.  W.  Dachtler 

A.  M.  Cole 

Geo.  (\  Johnston 

P.  M.  Hickey 

F.  H.  Baetjer 

J.  V.  Schamberg 

W.  II.  Stewart 

H.  M.  Imboden 

L.  G.  Cole 

Samuel  Stern 

C.  A.  Simpson 

0.  S.  Orinsby 

John  Remer 

E.  S.  Lain 

Howard  Morrow 

M.  M.  Roland 

Leopold  Jaches 

I).  H.  Bowen 

M.  F.  Manges 

Percy  Brown 

Fred  \Yisc 

(;.  W.  Wende 

The  rr])lies  showTd  a  surprising  and  unexpected  unanimity  of 
opinion.  A  few  of  the  men  answered  the  question  directly  and  averred 
that  there  is  no  true  idiosyncrasy.  The  majority  recognized  a  distinct 
variation  in  sus('ej)tibility  in  different  persons  but  of  a  degree  too  small 
to  he  called  true  idiosynerasy.  While  they  had  never  encountered 
a  case  of  nndouhted  true  idiosyncrasy  of  severe  type  yet  such  a 
j)lieiionienon,  while  uncommon  or  even  riire,  was  a  probability. 

A  few  of  the  men  replied  ])ositively  in  the  affirmative.  Pancoast 
found  j)ersons  who  for  no  discoverable  rejison  were  unable  to  stand 
nearlx-  the  amount  of  .r-rays  tolerated  by  the  majority  of  patients. 
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Baetjer  tells  of  a  patient  who  was  exposed  for  a  few  seconds  to  a  tube 

placed  at  a  distance  of  24  inches,  the  result  being  a  dermatitis.     He 

also  relates  the  case  of  an  x-ray  technician  who  exposed  his  liand  to 

the  j-rays  several  times  daily  for  a  number  of  years  without  visible 

inj\ir\'  to  the  skin.    Morrow,  L.  G.  Cole,  and  Case  believe  they  have 

seen  examples  of  true  idiosyncrasy.    Case  tells  of  three  patients  who 

reacted  violently  to  a  carefully  measured  dose  of  3X  (about  |  erythema 

<iose,  unfiltered). 

The  same  question,  this  time  in  reference  to  radium,  was  sent  to 
H.  H.  Janeway,  W.  S.  Newcomet,  Howard  Kelly,  Isaac  Levin,  Douglas 
Quick,  and  F.  E.  Simpson.  The  replies  indicate  a  firm  belief  in  varia- 
tions of  susceptibility  but  no  true  idiosyncrasy. 

In  the  early  days  of  j*-ray  work  unexpected  reactions  were  extremely 
common  and  the  literature  of  that  time  contained  innumerable  reports 
of  severe  reactions  following  a  technic  that  caused  no  initoward  results 
in  other  individuals.  Idiosyncrasy  at  that  time  was  an  accepted  fact 
and  its  occurrence  was  thought  to  be  common.  Certainly  it  was  the 
easiest  way  to  explain  the  mysterious  reactions.  Idiosyncrasy  was 
questioned  first  in  Germany  probably  by  Kienbock  and  in  France  and 
the  doubt  was  contemporary  with  the  advent  of  such  methods  of  dose 
estimation  as  devised  by  Sabouraud  and  Xoire,  Kienbock,  Holzknecht 
and  others.  With  the  use  of  these  radiometric  methcMls  of  measure- 
ment unexpected  reactions  occurred  much  less  fn^quently.  In  France, 
and  later  in  Flngland,  thousands  of  cases  of  ringworm  of  the  scalp  were 
treated  with  very  few  instances  of  reaction  or  permanent  aloj)ecia. 
Inasmuch  as  such  treatment  necessitates  extreme  accuracy,  on  account 
of  the  slight  margin  of  safety,  the  relatively  few  reactions  in  such  a 
large  number  of  cases  caused  no  little  surprise  and  comment.  In  the 
meantime  European  roentgenologists  were  beginning  to  aj)ply  massive 
but  carefully  measured  doses  in  the  treatment  of  both  cutaneous  and 
deep-seated  affections  and  they  found,  as  technic  impnned,  that 
unexpected  reactions  became  less  frequent.  The  use  of  the  term 
[diosNTicrasy  has  decreased  in  about  direct  proportion  to  improvement 
jn  technic  and  increase  in  therapeutic  and  biologic  knowledge.  Today 
^^  »s  uncommon  to  encounter  unexpected  reactions  that  cannot  be 
^^'ained  by  faulty  technic,  erroneous  calculations,  avoidable  or 
unavoidable  accidents,  poor  judgment  or  other  ascertainable  causes. 

It  is  well  known  that  the  skin  of  various  persons  and  even  that  of 
^  same  individual  will  react  differently  under  changed  conditions. 
I  nese  various  factors  will  now  be  discussed  separately. 

^J«.— The  skin  of  any  given  part  of  an  aged  individual  is  markedly 
less  sensitive  than  that  of  an  infant.  There  is  also  a  noticeable  dif- 
lerence  between  adults  and  children. 

^•— The  skin  of  females,  as  a  rule,  is  slightly  more  sensitive  than 
^hat  of  males. 

Texture. — A  thin,  fine  skin  is  more  susceptible  than  is  a  thick,  coarse 
skin. 
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Circulation. — A  skin  that  is  pale  or  anemic  will  react  less  readily 
than  one  that  possesses  a  good  circulation.  The  most  sensitive  skin 
in  this  respect  is  one  that  is  h>T)eremic  or  congested. 

Simpson  obtained  reactions  in  the  skin  of  the  anterior  neck  in  women 
who  had  been  applying  ice  for  the  relief  of  hyperthyroidism.  The 
dose  was  3^  Hampson  units  filtered.  The  same  patients,  without  the 
ice  applications,  failed  to  react  to  5  Hampson  units.  Cold  applica- 
tions produce  localized  anemia,  and  an  anemic  skin  will  tolerate  com- 
paratively large  amounts  of  irradiation  (see  page  270),  while  hyperemic 
skin  is  comparatively  supersensitive.  It  is  possible,  therefore,  that 
it  was  the  congestion  subsequent  to  ice  application  that  produced  the 
hypersensitiveness  in  Simpson's  patients.  Codman  mentions  cutane- 
ous vasomotor  irritability  and  congestion  or  hyperemia  resulting  from 
such  applications  as  the  high-frequency  spark,  as  causes  for  lessened 
resistance  to  irradiation.  Sunburn,  ultraviolet  light,  heat  and  various 
other  physical  agents  may  effect  a  temporary  hypersusceptibility, 
Heidingsfeld  found  the  skin  in  a  case  of  dermatitis  hiemalis  abnormally 
sensitive. 

Auer  and  Witherbee,  working  with  rabbits,  increased  the  resistance 
of  the  tissues  to  destructive  doses  of  x-rays  by  sensitizing  the  animals 
to  a  foreign  proteid  (horse  serum).  Hecktoen,  working  with  dogs, 
made  a  somewhat  similar  observation.  The  inference  is  that  the  ana- 
phylactic antibody  anchored  to  the  tissue  cell  increases  the  resistance 
of  the  cell  to  destructive  doses.  Control  animals  and  sensitized- 
reinjected  animals,  the  latter  having  antibodies  in  the  circulating 
blood,  were  considerably  more  susceptible  to  roentgenization. 

Color. — Blonds  are  usually  more  susceptible  to  irradiation  than  are 
brunettes.    The  negro  skin  is  the  most  resistant. 

Location. — Topographically  there  is  a  very  pronounced  variation  in 
susceptibility.  Insofar  as  concerns  a  visible  reaction  the  least  sensitive 
part  of  the  body  seems  to  be  the  scalp.  The  face  is  probably  the  most 
sensitive  part.  The  extensor  surfaces  are  more  resistant  than  are  the 
flexor  surfaces.  The  flexures  arc  very  sensitive.  There  are  important 
exceptions  to  these  rules.  The  thin  skin  over  the  extensor  surfaces  of 
the  articulations  reacts  more  readilv  than  does  that  of  the  immediate 
vicinity.  The  palms  and  soles,  on  account  of  the  thickened  horny 
layer  are  less  sensitive  than  such  flexures  as  the  anterior  neck  and  the 
axillae.  The  mucous  membranes  are  perhaps  more  sensitive  than  the 
most  sensitive  normal  skin. 

Irritants. — Irritating  and  stimulating  chemicals  applied  to  the  skin 
before,  during  or  shortly  after  irradiation,  will  markedly  enhance  the 
effect.  Such  chemicals  as  ioihne,  chrysarobin,  sulphur,  mercury,  tar, 
pyrogallic  acid,  salicylic  acid,  io<ioform,  etc.,  if  employed  in  strength 
and  at  about  the  time  of  irradiation,  may  create  a  hyi)ersusceptibility 
of  an  exceedingly  high  degree.  Susceptibility  caused  by  local  applica- 
tions will  disappear  in  from  one  to  four  weeks  dej:)ending  uj)on  the 
strength  and  character  of  the  application  and  the  amount  of  reaction 
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provoked.  Hypersusceptibility  will  prevail  during  a  chemical  derma- 
titis and  for  a  week  or  two  subsequent  to  its  complete  disappearance. 
If  no  visible  reaction  follows  a  chemical  application  the  skin  will  react 
nonnally  to  irradiation  in  a  week  or  two.  If  irritating  chemicals  have 
been  applied  to  the  skin  for  a  long  period  but  without  visible  reaction, 
the  skin  is  likely  to  be  hypersensitive  for  at  least  two  weeks  after  the 
local  applications  have  been  discontinued.  Solutions  and  especially 
ointments  containing  even  small  quantities  of  irritants,  if  employed 
at  the  time  of  irradiation,  are  likely  to  enhance  the  effect. 

After  irradiation  the  skin  is  hypersensitive  to  irritants,  the  degree 
and  duration  depending  upon  the  amount  of  radiation  applied.  Skin 
that  has  reacted  to  irradiation  is  very  sensitive  for  a  month  or  two  and 
may  remain  sensitive  to  strong  irritants  for  a  number  of  years.  Skin 
that  has  been  subjected  to  fractional  or  massive  treatment  without 
visible  injury  will  tolerate  irritants  of  mild  to  moderate  strength  in 
about  a  month.  Even  strong  irritants  may  be  tolerated  at  this  time, 
but  the  skin  is  likely  to  remain  rather  sensitive  to  such  agents  for  a 
variable  time. 

Illustrative  Case  Reports. 

Case  1. — ^A  patient  with  confluent,  inflammatory  psoriasis  of  the  palms 
and  soles.  Erythema  doses  were  applied  to  the  affected  parts  at  monthly 
intervals  for  three  months.  The  palms,  soles  and  dorsal  surfaces  of  the  hands 
received  the  same  amount  of  irradiation.  There  was  a  slight  first  degree 
reaction  after  each  application.  The  eruption  underwent  involution  sulxse- 
quent  to  the  first  treatment  but  immediately  relapsed.  The  second  and  third 
treatments  were  of  no  benefit.  Three  weeks  after  the  last  exposure  the  patient 
soaked  gauze  in  a  mixture  of  equal  parts  of  castor  oil,  balsam  of  Peru  and  oil 
of  cade  and  wrapped  the  hands  in  the  gauze  upon  retiring.  He  was  awakened 
during  the  night  by  a  burning  sensation  whereupon  more  of  the  mixture  was 
added  to  the  bandages.  An  hour  or  two  later  the  burning  pain  being  very 
intense  the  bandages  were  removed  and  it  was  noticed  that  the  hands  were 
red  and  swollen.  The  patient  was  seen  the  next  day  at  which  time  the  hands 
were  markedly  swollen,  tense  and  painful.  The  edema  was  cutaneous  and 
subcutaneous.  The  skin  was  erythematous,  but  there  was  no  vesiculation, 
excoriation  nor  ulceration.  The  symptoms  endured  for  several  months.  The 
feet,  which  had  received  the  same  amount  of  radiation  but  to  which  the  mixture 
had  not  been  applied,  remained  normal.  The  patient  was  seen  two  years  later 
at  which  time  he  received  x-ray  treatment  for  pruritus  ani.  The  skin  of  the 
palms  was  slightly  atrophic,  dry  and  there  were  a  few  dilated  capillaries.  The 
soles  were  normal.    The  patient  had  occasional  attacks  of  psoriasis. 

Case  2. — An  epithelioma  situated  in  the  right  eyebrow  of  a  woman  was 
given  one  appHcation  of  x-rays  consisting  of  H2  S.  D.  This  was  followed  by 
a  mild  second  degree  reaction  which  healed  in  a  month.  Two  months  after 
the  treatment  a  single  application  of  a  10  per  cent,  ointment  of  anmioniated 
mercury  was  followed  within  a  few  hours  by  erythema,  burning  pain  and 
superficial  edema.  The  inflammation  subsided  in  two  weeks.  The  same 
ointment  when  applied  to  another  part  of  the  body  failed  to  provoke  a  reaction. 

Case  3. — ^A  woman  received  tliree  erythema  doses  of  filtered  x-rays  to  the 
breast  at  intervals  of  six  weeks.  Each  application  consisted  of  H25  S.  D. 
filtered  through  3  mm.  of  aluminium.    Each  treatment  was  followed  by  a  first 
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lick,  adherent  slough — a  third  degree  radiodennatitis  due  to  the 
)n  of  irritating  chemicals  on  skin  that  had  received  two  erytlieina 
ms  of  j--rays  (Fig.  S9). 

ion  is  called  to  the  fact  that  not  only  is  the  irradiated  skin  less 
to  irritation  but  strong  irritation  applied  to  such  skin  may 
injur\'  that  is  clinically  identical  to  radiodennatitis  and  which 
ct  ar-ray  sequelce.  It  is  unusual  for  this  loss  of  resistance  to 
?  than  a  few  months  excepting  where  the  skin  has  been  very 
ured. 

bat  has  been  badly  damaged  by  irradiation  behaves  much  as 
)rs'  skin  and  xeroderma  pigmentosum.  The  excessive  dryness 
zematization.  Ulceration  is  likely  to  follow  traumatism,  and 
to  direct  sunlight  or  to  extreme  cold. 

aent  Irradiation. — Skin  that  has  been  irradiated  but  not 
ijured  does  not  appear  to  acquire  a  susceptibility  to  further 
m  providing  that  accumulation  is  avoided.  If  the  skin  has 
ired  as  manifested  by  a  reaction  or  by  sequela*  it  is  likely  to  be 
idily  affected  by  subsequent  irradiation.  This  has  been 
,'  noted  by  Bergonie.  The  acquired  susceptibility  may  be 
,  persistent  or  permanent  depending  upon  the  amount  of 
id  the  ability  of  the  tissue  to  repair  the  damage.  In  this 
m  the  following  case  is  of  interest. 

.  An  epithelioma  of  the  ear,  involving  the  cartilage  had  received 
roentgeniasation  intermittently  over  a  period  of  two  years.  The 
not  improve  so  the  treatment  was  discontinued.  One  year  later, 
iime  there  wa^  no  visible  atrophy  or  other  seciuela^,  an  intensiv(»  dose 
consisting  of  H2  S.  D.  was  administered.  Tliis  rt\sult(»d  in  a  mild 
gree  reaction  which  disappeared  in  six  weeks.  Two  weeks  later  a 
tic  dose  of  HlJ  S.  D.  was  applied:  a  first  degree  reaction  followed. 
nths  subsequently  there  was  recurrence  of  the  epithelioma.  The 
;  excised,  the  excision  including  a  portion  of  the  cartilag(».  ( )no  week 
!e  the  wound  was  granulating,  H2  S.  D.  was  applied.  This  rosult(»(l 
degree  reaction  which  required  one  year  to  heal. 

the  work  was  done  eight  years  ago  when  technic  was  not  as 
doped  as  at  present,  yet  it  is  doubtful  if  a  technical  error  was 
;  of  the  injury.  A  more  reasonable  interpretation  is  that  the 
1  been  injured  l)eyond  complete  repair  as  a  result  of  previous 
m.  Also  that  the  last  treatment  was  administered  at  a  time 
:y  vascular  granulation  tissue  was  present,  before  the  tissue 
;  recovered  from  surgical  traumatism  and  when  cartilage, 
s  a  low  resistance,  was  exposed  to  the  full  force  of  the  treat- 

alation. — Kxperience  has  taught  that  it  is  not  safe,  in  order  to 
mulative  effects,  to  repeat  intensive  treatments  in  less  than 
;ks.  The  interval  will  depend  partly  upon  the  size  of  the  dose 
imediate  effect  on  the  skin.     A  three  week  interval  may  do  for 
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degree  reaclion.  Three  months  after  the  last  irraiiiatiuu  tlie  skill  showed  ' 
Blight  atrophy  and  loss  of  hair.  An  ointment  containing  4  per  cent,  salicylic  I 
acid,  10  i>er  cent,  oil  of  code  and  10  per  cent,  ammoniated  mereiiry  was  appUed  4 
to  the  afFecl«d  part.  After  two  or  three  applicationn  the  skin  became  inflamed'  1 
but  the  ointment  wa^  continued.  In  leas  than  two  weeks  a  very  painful 
indolent  ulcer  resulted.  The  ulcer  wb»  indistinguishable  from  a  third  decree 
radiodennatitis.  It  healed  in  six  months.  Tlie  end-result  was  scarring, 
atrophy  and  telangiectasia. 


Case  4. — A 
Jackson  for  riKntgcnizatioi 
a  2  per  cent,  clirj'sarobin  i 
lesions  on  the  right  arm  wei 
■      1  HJ  S.  D. 


ith  i: 


ri'rl  by  the  late  Dr.  George  T. 
I  ilirccted  tlie  patient  to  apply 
■  ri-  of  the  left  arm.  Only  the 
rratment.  The  lesions  of  both 
ei-eive<i  both  r-ray  and  chrysa- 


robin  reacted  vigorously — erythema,  edema  and  vesiculation;  the  others  dis- 
appeared without  reaction. 


Case  5.— Mr,  J.  W.  Refermi  by  Dr.  H.  M.  Kalvin,  of  Urooklyn.  This 
patient  had  a  sarcoma  nodule  on  the  flexor  surface  of  the  right  forearm  and 
two  similar  nodules  in  the  right  p<)p[iteal  space.  Each  area  (lesions  and  con- 
siderable nomial  skin)  wa.«  given  H2)  S.  D.,  3  mm.  of  aluminium.  This  was 
followed  by  a  first  degree  reaction  which  subsided  in  two  weeks.  The  lesions 
were  much'  improved,  SLv  weeks  after  the  first  treatment  the  same  dose  was 
again  administered  to  each  area.  This  treatment  was  followed  by  a  first 
degree  reaction.  The  patient  applied  ointments  containing  lysol,  balsam  of 
peru  and  scarlet  red  to  the  ix>plil«al  space  hut  not  to  the  arm.  The  erythema 
of  thearmsoondisapi>eared,  The  area  in  the  popliteal  space  became  intensely 
red,  hard  niid  painful.    The  hanlened  area  developed  into  an  indolent  ulcer 
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with  a  thick,  adherent  slough — a  third  degree  radiodomiatitis  due  to  the 
application  of  irritating  chemicals  on  skin  that  had  received  two  erythema 
applications  of  x-rays  (Fig.  89). 

Attention  is  called  to  the  fact  that  not  only  is  the  irradiated  skin  less 
resistant  to  irritation  but  strong  irritation  applied  to  such  skin  may 
result  in  injurj'  that  is  clinically  identical  to  radiodermatitis  and  which 
may  affect  o'-ray  sequela*.  It  is  unusual  for  this  loss  of  resistance  to 
last  more  than  a  few  months  excepting  where  the  skin  has  been  very 
badly  injured. 

Skin  that  has  been  badly  damaged  by  irradiation  behaves  much  as 
does  sailors'  skin  and  xeroderma  pigmentosum.  The  excessive  dryness 
favors  eczematization.  Ulceration  is  likely  to  follow  traumatism,  and 
exposure  to  direct  sunlight  or  to  extreme  cold. 

Subsequent  Irradiation. — Skin  that  has  been  irradiated  but  not 
visibly  injured  does  not  appear  to  acquire  a  susceptibility  to  further 
irradiation  providing  that  accumulation  is  avoided.  If  the  skin  has 
been  injured  as  manifested  by  a  reaction  or  by  sequelae  it  is  likely  to  be 
more  readily  affected  by  subsequent  irradiation.  This  has  been 
especially  noted  by  Bergonie.  The  acquired  susceptibility  may  be 
transient,  persistent  or  permanent  depending  upon  the  amount  of 
injury  and  the  ability  of  the  tissue  to  repair  the  damage.  In  this 
connection  the  following  case  is  of  interest. 

Case  6.  An  epithelioma  of  the  ear,  involving  the  cartilage  had  received 
fractional  roentgenization  intermittently  over  a  periml  of  two  years.  The 
lesion  did  not  improve  so  the  treatment  was  discontinued.  One  year  later, 
at  which  time  there  was  no  visible  atrophy  or  other  sequelae,  an  intensive  dose 
of  x-rays  consisting  of  H2  S.  D.  was  administered.  This  resulted  in  a  mild 
second  degree  reaction  which  disappeared  in  six  weeks.  Two  weeks  later  a 
prophylactic  dose  of  HlJ  S.  D.  was  applied:  a  first  degree  reaction  followed. 
Eight  months  subsequently  there  was  recurrence  of  the  epithelioma.  The 
lesion  was  excised,  the  excision  including  a  portion  of  the  cartilage.  One  week 
later,  while  the  wound  was  granulating,  H2  S.  D.  was  applied.  This  resulted 
in  a  third  degree  reaction  which  required  one  year  to  heal. 

While  the  work  was  done  eight  years  ago  when  technic  was  not  as 
well  developed  as  at  present,  yet  it  is  doubtful  ifa  technical  error  was 
the  cause  of  the  injury.  A  more  reasonable  interpretation  is  that  the 
tissue  had  been  injured  beyond  complete  repair  as  a  result  of  previous 
irradiation.  Also  that  the  last  treatment  was  admniistered  at  a  time 
when  very  vascular  granulation  tissue  was  present,  before  the  tissue 
had  fully  recovered  from  surgical  tramnatism  and  wlien  cartilage, 
which  has  a  low  resistance,  was  exposed  to  the  full  force  of  the  treat- 
ment. 

Accumulation. — PIxperience  has  taught  that  it  is  not  safe,  in  order  to 
avoid  cumulative  effects,  to  repeat  intensive  treatments  in  less  than 
three  weeks.  The  interval  will  depend  partly  upon  the  size  of  the  dose 
and  its  immediate  effect  on  the  skin.     A  three  week  interval  may  do  for 
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a  suberj-thema  dose  but  from  four  to  six  weeks  is  required  for  er^'thema 
doses  and  a  longer  period  if  the  reaction  has  been  of  the  second  degree. 
After  the  subsidence  of  a  reaction  the  skin  is  likely  to  be  hypersensitive 
for  several  weeks.  The  main  reason  for  longer  intervals  is  to  avoid  the 
possibility  of  delayed  reactions.  While  it  is  true  that  if  the  skin  is 
going  to  react  it  will  do  so  in  less  than  two  weeks  there  are  occasional 
instances  where  the  reaction  does  not  appear  until  the  third,  fourth  and 
even  the  sixth  week. 

It  has  been  shown  by  Kingery,  a  detailed  description  of  whose  work 
will  be  found  on  page  271,  that  the  tissue  loses  50  per  cent,  of  irradia- 
tion effect  in  three  and  a  half  days.  It  is  reduced  to  5  per  cent,  on  the 
fifteenth  day  and  zero  is  reached  about  the  end  of  the  third  week.  No 
exception  to  this  rule  was  encountered.  This  work  does  not  include 
supersaturation  with  reaction  where  the  tissues  are  injured  beyond 
complete  repair  or  where  considerable  time  is  required  to  overcome  the 
damage. 

With  fractional  doses  accumulation  to  the  point  of  supersaturation 
must  be  excluded  before  idiosyncrasy  is  blamed  for  an  untoward 
result.    This  subject  is  consider^  in  detail  in  Chapter  XIX. 

Filtration. — It  seems  to  be  the  general  belief  that  the  skin  is  injured 
less  by  "  hard'*  rays  and  filtered  rays  than  by  "  soft"  rays  and  unfiltered 
rays.  Also  that  greater  injury  to  the  skin  is  caused  by  beta  rays  than 
by  gamma  rays.  If  we  confine  the  discussion  to  the  possibility  of 
cutaneous  injury  the  concensus  of  opinion,  if  not  erroneous,  is  at  least 
misleading.  All  rays — beta  and  gamma  rays  of  radium,  "hard"  and 
"soft"  a^-rays,  filtered  or  unfiltered  rays — will  severely  and  perma- 
nently injure  the  skin  provided  the  amount  is  sufficiently  large. 
In  other  words  it  is  more  a  question  of  quantity  than  of  quality 
(Chapter  XIX). 

Disease. — Certain  diseases  and  conditions  of  the  cutaneous  envelope 
seem  to  make  the  skin  more  responsive  to  irradiation.  Lesions 
associated  with  marked  cutaneous  congestion  appear  to  be  somewhat 
more  sensitive  to  irradiation  than  does  the  surrounding  skin — eczema, 
psoriasis,  rosacea,  mycosis  fungoides,  etc.  This  is  especially  true 
before  acanthosis  and  hj^^erkeratosis  or  parakeratosis  have  developed. 
In  diseases  sucli  as  keloid  and  xanthoma  the  pathological  skin  does  not 
appear  to  react  more  readily  than  does  normal  skin.  Lesions  associated 
witli  a  markedly  thickened  horny  layer  tolerate  very  large  doses  such, 
for  instance,  as  the  common  wart. 

Before  proceeding  further  it  is  advisable  to  agree  upon  a  definition 
of  the  word  idiosyncrasy  as  applied  to  x-rays  and  radium.  In  the  light 
of  our  present  knowledge  it  should  be  a  natural  or  inherited  tendency 
on  the  part  of  the  skin  to  react  vigorously  to  a  minute  dose  of  J*-rays  or 
radium.  The  skin  of  the  entire  boily  should  show  this  tendency  at  all 
times.  This  excludes  acquired  susceptibility  and  variations  in  sensi- 
tiveness from  causes  and  for  reasons  already  enumerated;  also  varia- 
tions due  to  errors  in  technic  and  judgment.     It  includes  only  those 
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variations  for  which,  at  the  present  time,  there  is  no  explanation.     It 
is  probable  that  examples  of  true  idiosyncrasy  of  a  mild  degree  are 
fsdrly  common.     But  the  degree  is  not  sufficiently  great  to  be  beyond 
the  margin  of  safety  for  practical  work  in  expert  hands.    While  it  is 
probable  that  true  idiosjTicrasy  of  a  severe  t^'pe  is  occasionally  en- 
countered yet  suoh  examples  must  be  extremely  uncommon.    In  an 
experience  of  over  fifteen  years  the  writer  has  not  met  with  a  single  case, 
l^nexpected  reactions  have  been  encountered  but  when  the  normal  skin 
on  the  corresponding  part  of  the  body  of  the  same  individual  was  ex- 
posed to  the  same  dose  no  h>T)ersensitiveness  was  noted.    To  prove  the 
rarity  of  true  idiosvncrasv  one  has  but  to  review  the  history  of  the  ar-rav 
treatment  of  tinea  tonsurans.    In  the  roentgen  laboratory  of  the 
Department  of  Dermatology  and  Syphilology,  Medical  Department, 
Columbia  University,  over  a  thousand  cases  of  ring\^'orm  of  the  scalp 
have  been  irradiated  without  a  single  instance  of  idiosyncrasy  being 
encountered.     Hazen,  of  Washington,  Pirie,  of  Montreal,  Adamson, 
of  England,  and  many  others  make  the  same  report. 

Prior  to  1912  there  were  numerous  reports  of  supposedly  true  idio- 
s^Ticrasy,  a  few  of  which  are  herewith  appended. 

^grow  and  Grintschar  (1912)  beUeve  that  the  most  marked  idio- 
s.^Ticratie  tendency  is  when  a  given  amount  of  radiation  has  twice  the 
^^  effect.  Their  opinion  is  based  largely  upon  experiments  made 
^^  ft  case  of  lupus.  They  call  attention,  also,  to  the  fact  that  skin 
^^  has  been  irradiated  is  extremely  susceptible  to  refrigeration  (CO2 
snoH').  J.  Hall-Edwards  (1909)  admits  idiosyncrasy  but  finds  that  it 
^^'Css  frequently  observed  since  improved  methods  of  a'-ray  adminis- 
'^^ion  have  been  in  vogue.  The  discussion  following  Ilall-Edwards' 
^^^^unication  shows  considerable  difference  of  opinion  but  a  realiza- 


■  ^  that  the  term  idiosyncrasy,  as  applied  to  the  roentgen  ray,  had 

i^*^  abused.    Thedering  (1912)  did  not  recognize  a  true  idiosyncrasy 

I  ^^  he  found  a  marked  difference  in  susceptibility  due  to  complexion, 

^tion,  etc. 

•J*  ^^Ppel,  in  1916,  published  an  example  of  idiosyncrasy  as  follows: 

j^    ^^  women,  each  seventy-five  years  of  age,  one  a  blond,  the  other  a 

j,T|J^^^te.    Cancer  of  the  breast  in  both  instances.     The  hruncttc 

•n^j^ived  24  exposures  in  fourteen  months,  the  total  dose  being  (')()()  X. 

^^  blond  received  22  treatments  over  a  period  of  eighteen  months 

1     total  dose  462   X.    The  blond  developed  a  severe   reaction,   the 

^^Mette  did  not.    The  technic  of  application,  the  apparatus  and  the 

wrator  were  the  same  in  both  instances.    The  observation  is  open  to 

^ticism  because  a  gas  tube  together  with  indirect  estimation  were 

^^^loyed.     Complexion  would  not  make  such  a  marked  (liH'ercnce. 

Meyer,  in  1915,  noted  a  second  degree  radicxlerniatitis  in  four  dif- 

T^^^t  areas  in  the  same  patient  on  two  different  occasions  following 

"^  application  of  J  full  dose.     There  had  been  no  i)revious  .r-ray 

^tment.    Assuming  accurate  technic  the  observation  docs  not  admit 

^^  argument. 
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Unusual  Results. — ^There  are  «,  number  of  peculiar  eflFects  produced 
by  a--rays  and  radium  which  are  due  apparently  to  individual  |>ecu- 
liarities — idiosyncrasy.  There  is  the  precocious  reaction — an  er^-thema 
that  develops  in  a  day  or  two  and  disappears  in  from  one  to  three  w^eeks 
without  developing  beyond  a  first  degree  reaction.  Then  there  are  the 
radioer}i;hema  perstans  and  the  delayed  reaction.  xSome  individuals 
freckle  or  tan  as  a  result  of  very  minute  doses  while  others  do  not  do  so 
even  when  the  skin  is  made  to  react.  Following  a  reaction  some  dark 
skins  may  be  depigmented.  Telangiectasia  develops  much  more 
readily  in  some  skins  than  in  others.  The  same  is  true  relative  to  other 
sequelae  such  as  atrophy  and  keratoses. 

After  an  epilating  dose  applied  to  the  scalp  the  defluvium  occurs 
ordinarily  in  the  third  week  and  the  hair  begins  to  grow  again  in  the 
third  month.  It  generally  grows  slowly,  steadily  and  equally  over  the 
entire  scalp  and,  as  a  rule,  is  of  the  same  color,  texture  and  general 
character  as  the  original  hair.  The  exceptions  are  as  follows:  The 
hair  may  fall  out  in  two  weeks  or  not  until  the  fourth  week.  It  may 
begin  to  regrow  in  six  weeks  or  not  until  the  sixth  month.  The  growth 
may  be  exceedingly  vigorous  or  equally  sluggish.  It  may  grow  more 
rapidly  in  some  areas  than  in  others.  The  new  hair  may  be  curly 
while  the  original  hair  was  straight,  or  vwe  versa.  The  new  hair  may 
be  either  lighter  or  darker  than  the  original;  it  may  be  coarser  or  finer. 
Some  of  these  phenomena  may  be  explained  by  variations  in  dosage 
or  by  the  effect  of  the  disease,  but  individual  peculiarities  cannot  be 
excluded  in  all  of  them. 

In  the  heads  of  children  there  does  not  appear  to  be  much  variation 
in  the  dose  required  for  depilation.  In  adults,  however,  it  is  not 
infrequent  to  encounter  a  fairly  vnde  variation.  We  have  seen 
depilation  of  scalp  hair  in  an  adult  follow  the  application  of  HJ  S.  D. 
It  usually  requires  at  least  Hi  S.  D.  for  this  purpose.  In  one  instance 
(a  case  of  favus)  it  required  H2  S.  D.  (H8,  16  X)  to  cause  the  hair  to 
fall.  There  was  no  erythema  of  the  scalp  which,  incidently  had  been 
markedly  altered  by  the  disease.  The  skin  of  the  back  of  this  patient 
reacted  norinallv  to  a  dose  of  Hi  J  S.  D.  The  hair  foUicles  mav  be 
hypersensitive  when  affected  by  disease.  It  has  been  noted  that  the 
diseased  hairs  in  tinea  tonsurans  depilate  more  readily  than  do  the 
normal  hairs.  Kienbock,  and  Meyer  have  noted  this  phenomenon, 
especially  in  i)soriasis.  The  former  obtained  depilation  of  scalp  hair 
in  a  case  of  psoriasis  as  a  result  of  the  administration  of  2\  X.  His 
interpretation  is  hypersensitiveness  of  diseased  follicles  and  not 
idiosyncrasy. 

Radium. — Regarding  spontaneous  and  acquired  idiosyncrasy  it  is 
the  author's  experience  and  opinion  that  the  same  statements  made 
relative  to  the  .r-rays  answer  also  for  radium.  In  the  past,  severe 
radium  reactions  were  not  as  common  as  those  associated  with  the 
administration  of  .r-rays  because  radium  was  not  in  common  use  and 
because  the  technic  was  comparatively  simple  and,  therefore,  mort*^ 
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accurate.  The  radium  reactions  of  recent  years  have  been  caused  to  a 
large  extent  by  inexperience  with  the  more  complicated  nuHlern 
technic  (emanation),  by  poor  judgment,  or  by  the  various  causes  of 
and  reasons  for  acquired  hypersensitiveness  as  enumerated  in  this 
chapter. 

Summary. 

1.  Variations  in  cutaneous  susceptibility  to  .r-rays  and  radium  and 
due  to  known  causes  are  of  dailv  occurrence.  These  variations  mav  be 
well  marked.  They  cannot  be  reganled  as  examples  of  true  idiosyn- 
crasy. 

2.  Slight  variations  in  susceptibility  of  unknown  and  undiscover- 
able  cause  are  not  uncommon.  These  variations,  at  least  until  technic 
is  more  exact,  may  be  considered  as  examples  of  true  idios\Ticrasy. 

3.  The  existence  of  true  idiosyncrasy  of  severe  type  is  admitted  but 
it  is  rarely  encountered. 

4.  Individual  peculiarities  relative  to  pigmentation,  deflluvium, 
telangiectasia,  atrophy,  etc.,  are  common  and  can  probably  be 
regarded  as  examples  of  idiosyncrasy. 
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CHAPTER  XVIII. 

ACTION  OF  A-RAYS  AND  RADIUM  OX  PATHOLOGICAL 

TISSUE. 

We  have  already  discussed  the  e^-tologicaJ,  biochemical  and  bac- 
teriological action  of  radiation.  It  now  remains  to  apply  this  knowl- 
edge, hypothetically  and  speculatively,  in  an  attempt  to  explain  the 
action  of  a*-rays  and  radium  in  disease.  The  chief  facts  to  be  kept  in 
mind  are: 

1.  Minute  amounts  of  radiation  stimulate  while  large  amounts 
inhibit  and  destroy. 

2.  Cells  that  are  undifferentiated,  immature,  biologically  or  physio- 
logically active,  are  most  readily  influenced. 

3.  Bacteria  are  not  directly  affected  by  gamma  rays  or  ar-rays. 
They  may  be  killed  by  large  amounts  of  beta  rays. 

STIMULATION. 

Clinicians  frequently  speak  of  the  stimulating  action  of  radiation  on 
disease  and  it  is  believed  by  many  that  some  affections  are  cured  or 
benefited  by  this  attribute.  The  theory  has  been  evolved  partly 
because  of  the  beneficial  action  of  small  amounts  of  radiation  on  affec- 
tions such  as  eczema,  psoriasis  and  particularly  mycosis  fungoides. 
These  diseases,  however,  are  associated  with  considerable  cellular 
activity — acanthosis,  infiltration — features  that  one  might  expect  to 
see  enhanced  by  stimulation,  but  which  are  probably  inhibited  by  small 
doses  on  accomit  of  the  susceptibility  of  biologically  active  cells. 
Furthennore,  these  afi'ections  and,  in  fact,  most  of  the  cutaneous 
diseases  that  yield  readily  to  small  amounts,  are  associated  with 
considerable  congestion  or  hyperemia.  This  means  an  increased  local 
iron  content  which,  when  acted  upon  by  ganuna  rays  or  a*-rays,  emits 
secondarA'  radiations  (beta  rays)  and  these  secondary  beta  rays  may  be 
largely  responsible  for  the  therapeutic  results  (Bragg,  Keetman  and 
Mayer,  Abbe).  The  principal  infiltrating  cell  in  these  affections  is  the 
lymphocyte  and  while  its  origin  is  under  controversy,  the  consensus  of 
opinion  is  that  it  constitutes  a  product  of  lymphoid  evolution.  Lym- 
phoid tissue  is  so  susceptible  to  radiation  that  even  very  small  doses 
will  exert  an  inhibitory  action. 

The  stimulating  effect  of  roentgeniaation  has  been  blamed  for  the 
jxjor  results  in  some  cases  of  sarcoma  and  epithelioma.  If  an  epithe- 
lioma is  treated  with  fractional  doses  it  is  probable  that  there  is  an 
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initial  stimulation  which,  however,  is  changed  to  inhibition  in  a  few 
weeks  because  of  accumulation.    The  degree  of  stimulation  or  inhibi- 
tion will  depend,  naturally,  upon  the  strength  and  frequency  of  the 
applications.     It  is  possible  that  too  much  prominence  has  been  given 
the  stimulating  effect  of  irradiation  on  malignant  neoplasms.     Wood 
and   Prime,  also  many  clinical  observers,  have  noted  an  apparent 
stimulation  subsequent  to  the  administration  of  small  amounts  of 
-r-ravs  and  radium.     Bv  stimulation  in  this  sense  is  meant  increased 
cell  proliferation  by  direct  action   of  the   radiation   on   the   malig- 
nant cell.    While  such  an  effect  is  possible,  even   probable,  there 
are  other  factors  that  must  be  considered  in  this  connection.    The 
increase  in  malignancy  may  be  due  partly  to  acquired  resistance  (page 
282).     Injury-  to  surrounding  structures,  especially  the  lymphocytes 
(Murphy,  Ellis,  Morton,  Millet  and  Mueller)  may  be  an  important 
factor.    Superficial  gro^^-ths  or  the  superficial  portion  of  a  fairly  deep 
gro^-th  will  at  times  imdergo  involution  while  the  deeper  malignant 
cells  continue  to  proliferate.    The  rapidity  of  this  deep  proliferation 
may  be  enhanced,  but  there  is  more  likely  to  be  a  temporary  retarda- 
tion with  subsequent  development  which  may  be  rapid  or  slow.     It  is 
unwise  to  attempt  a  definite  opinion  because  the  technic  of  cancer 
treatment  is  by  no  means  fully  developed,  and  because  there  is  such  a 
marked  difference  in  the  behavior  of  different  types  of  sarcoma  and 
epithelioma  and,  also,  a  difference  in  the  behavior  of  the  same  type 
in  different  individuals,  in  varying  anatomical  situations,  etc.    The 
cause  for  continued  or  subsequent  proliferation  is  probably  incomplete 
inhibition  and  this  is  in  many  instances  due  to  a  dose  that  is  sublethal, 
particularly  in  the  deeper  portions  of  the  growth.     It  has  been  demon- 
strated by  La  vine  and  Joseph,  Wood  and  Prime  and  others,  that  mitosis 
can  be  temporarily  prevented  and  a  growth  remain  temporarily  inactive 
wthout  demonstrable  microscopical  alterations  as  a  result  of  sub- 
lethal irradiation.    The  writer  has  seen  both  sarcoma  and  epithelioma 
apparently  develop  more  rapidly  as  a  result  of  x-ray  treatment  and  in 
two  instances  epithelioma  developed  in  patches  of  leukoplakia  under 
intensive  treatment  with  radium.     While  admitting  that  stinmlation 
niight  be  the  cause  of  these  phenomena  it  will  be  well,  also,  to  consider 
the  possibility  of  a  pure  coincidence,  together  with   other  factors 
aheady  enumerated. 

In  this  connection  it  has  been  claimed  that  irradiation  of  lupus 
erythematosus  and  lupus  vulgaris  favors  the  evolution  of  ej)ithelionia. 
This  may  indeed  be  true  if  the  dosage  has  been  excessive.  But  there 
IS  no  evidence  that  epithelioma  in  lupus  tissue  is  more  prevalent  today 
than  before  the  advent  of  x-rays  and  radium. 

H\T)ertrichosis  following  a--ray  treatment  of  acne  \ulgaris  has  been 
described,  the  growth  of  hair  being  due,  it  was  thought,  to  the  stimulat- 
es effect  of  the  rays  on  the  hair  follicles.  While  this  is  i)()ssible,  it 
^^st  be  admitted  that  hypertrichosis  does  not  follow  .r^ray  treatment 
^*  other  diseases  that  require  the  same  technic.     Furthermore,  super- 
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fluous  hair  is  seen  subsequent  to  acne  vulgaris  in  instances  where 
a;-rays  have  not  been  employed.  Acne  vulgaris  is  associated  with 
follicular  and  perifollicular  h>'peremia  and  it  is  treated  with  the  same 
remedies  employed  in  the  various  types  of  alopecia,  all  of  which  may 
stimulate  the  growi:h  of  hair  in  susceptible  individuals  and  this 
susceptibility  is  seen  very  commonly  in  acne  vulgaris.  There  is  no 
corroborated  evidence  showing  that  the  x-rays  are  capable  of  increas- 
ing the  growth  of  hair.  After  depilation  in  tinea  tonsurans  it  some- 
times happens  that  the  hair  is  greater  in  amount  than  before  the 
treatment;  the  reverse  is  also  true.  It  has  been  stated  that  fractional 
and  even  full  doses  of  x-rays  are  beneficial  in  alopecia  (Bordet, 
Holzknecht,  Kienbock) ;  the  author  has  been  unable  to  confirm  these 
observations. 

ANEMIA  AND  CONGESTION. 

Tissue  that  is  ischemic  will  tolerate  considerablv  more  radiation  than 
will  tissue  possessed  of  normal  circulation.  Schwarz  dehematized  the 
skin  bv  means  of  an  elastic  band  and  found  that  an  area  under  the 
band  would  tolerate  a  much  larger  dose  than  would  the  skin  outside  of 
the  band.  Schmidt,  by  employing  compression,  was  able  to  administer 
two  erythema  doses  without  reaction.  After  trying  inconclusive 
experiments  with  adrenalin,  the  writer  completely  dehematized  an 
entire  forearm  with  an  Esmarch  bandage.  While  the  forearm  was 
bloodless  a  small  area  of  skin  was  exposed  to  Hl|  S.  D.  (full  er^lhema 
dose).  The  circulation  was  then  restored  and  an  adjacent  area  was 
exposed  to  the  same  quantity.  The  patient  was  seen  two  weeks  after 
the  experiment  at  which  time  there  was  an  erythematous  reaction  in 
both  areas,  the  reaction  in  the  dehematized  area  being  distinctly  less 
intense  than  that  of  the  normal  area.  Three  weeks  later  the  erjlhema 
in  the  dehematized  area  had  disappeared  while  that  of  the  normal  area 
was  still  well  marked. 

It  is  of  common  occurrence,  when  administering  large  doses  to  small 
congested  lesions,  to  have  the  surrounding  normal  skin  react  less 
vigoroiisly  than  the  congested  lesion.  This  may  be  due,  in  part,  to  the 
fact  that  the  periphery  receives  a  little  less  radiation  than  does  the 
center  of  the  treated  area.  Again,  even  in  congested  lesions,  if  there 
hai)i)ens  to  be  considerable  acanthosis  and  parakeratosis,  the  normal 
skin  may  react  more  \igorously  than  does  the  lesion.  However, 
cluneal  and  experimental  evidence  justifies  the  statement  that  con- 
gestion or  hyperemia  tends  to  increase  "radiosensitiveness"  while 
ischemia  increases  tissue  toleration  to  some  extent.  The  difference  is 
supposed  to  be  due  to  the  secondary  corpuscular  rays  (beta  rays)  from 
the  iron  contained  in  the  red  cells. 

ACCUMULATION. 

The  effect  of  repeated  irradiation  is  cumulative  and  accumulation 
results  in  inhibition.    The  degree  of  accumulation  will  dei)end  ui)()n  the 
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size  of  the  dose  and  the  interval  between  treatments.     Kingerj-  has 
placed  this  question   on   scientific   grounds.     His  work   assumes  a 
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h  1.7x11)  let  ical  decnni  posit  ion  product  in  tlu-  tissues  as  a  result  of  irradia- 
tion.    By  a  large  series  of  titration  experiments  he  found  that  tiiis 
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hypothetical  substance  obeys  a  well-known  law  of  biology  and  chemis- 
try— the  law  of  mass  reactions — ^the  characteristics  of  which  can  be 
plotted.    The  rate  of  reduction  of  the  irradiation  effect  (hypothetical 
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Chart  21. — Showing  sequence  of  events  occurring  with  small  doses  given  on  alternate 
days.     Note  gradual  rise  in  value  due  to  accumulation.     (Kingery.) 
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Chart  22. — Sequence  of  events  following  adminintrntion  of  50  per  cent,  of  full  dose 
every  three  and  a  half  days,  and  a  75  per  cent,  of  full  dose,  every  seven  days,  following 
initial  full  dose,  of  100  per  cent.     (Kingery.) 

substance)  follows  a  definite  law.  The  velocity  of  reduction  varies 
directly  with  the  degree  of  concentration.  The  greater  tlie  concentra- 
tion the  higher  is  the  velocity  of  loss.  As  concentration  decreases  the 
velocity  of  loss  becomes  less  in  direct  ratio.    When  concentration  has 
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hftSj  mdu(^  T^>  (tne-luilf ,  the  veliK-ity  of  Kiss  has  Ihhmi  nshh^iNl  xo  om^ 
half,  «:<..  <^hart  19  illus^trates  the  law.  It  is  stvn  that  tho  lialf  vahie 
pc4zn  i?>  ivftdied  in  three  and  a  half  days,  while  the  etTet-t  i>  wot  eiitin^ly 
loi3  fcfl*  fclicnn  three  weeks.  In  onier  to  maintain  a  sitiinition  otTtxt 
h  w<«ild  tie  necessan*  to  administer  onc^half  saturation  doM^  everv 
thne  and  a  half  days  or  oneH|narter  saitiinition  d«>s<*  aU>nt  every 
c<De  azid  a  half  days. 

^lian  3^  shows  the  rate  of  aivmniilation  with  fractional  doM^s 
adminisimKi  daily.  <'hart  21  shows  the  rate  of  aetinnnlation  for  the 
same  doses  even*  second  day  while  Chart  '22  sho\v>  the  aetinnnlation 
effeet  <i  a  o<*  per  cent,  dose  administenti  every  tlm»i»  and  a  half  days 
and  a  75  per  cent,  dose  every  seven  days,  following  an  initial  UH^  |vr 
cent,  dcfse. 

Kin^sen'  does  not  give  his  exjiet  tivhnie  so  that  his  s'ltnration  «Iom* 
in  terms  of  units  is  mit  known,  iuit  it  may  \h*  assnnuMJ  that  he  means 
an  amount  of  radiation  that  is  a  little  less  than  that  nM|ninMl  for 
a  \i;ihle  leaction  on  sensitive  skin  II J  S.  I>.  uiifiltrmi  or  III  J  S.  I>. 
filteied.  The  report  is  so  retrnt  that  there  has  lu»en  \u\  time  to  test 
out  the  method  in  praetie.il  work.  The  writer  has  trit^l  themrthixl 
experimentally  and  in  eaeh  instan^r  then*  has  Kren  an  er\tlu*maions 
leac^ion  when,  aeeonling  to  the  chart,  the  ace  iimnlation  was  well 
below  the  saturation  {)oint. 

Kinpery's  excellent  work  desiTves  very  can'ful  considcratittn.  When 
the  method  has  been  carefully  cluH-kcHJ  up  hiolo^icallv  and  has  hren 
adjusted  to  practical  re(|uinMnents  it  is  likely  to  In*  of  ^tciI  mt\  ice  in 
the  treatment  of  disease;  esiH'cially  in  the  treatment  of  can«iT.  I'ntil 
then  it  is  ad\isable  to  Ih*  cautious. 

To  return  to  the  question  of  stimulation,  the  point  to  he  cmpluisi/nl 
is  that  the  biological  eifect  of  fracti(»nal  radiation,  unless  tht*  1^^•l1mcnts 
are  several  weeks  apart.  an»  cumulative  and  it  is  p<»NMMt«  tlial  tlie 
efficacy  of  a  few  small  doses  in  dis<*as4s  thai  ar«'  eNcc<Mlin^l,\  amcnahle 
to  such  treatment,  can  Ih*  explaim^l  in  part  hv  the  inlnliitnrx  adinn  of 
acx'umulation. 

BACTERIA. 

In  Chapter  XIII  it  was  shown  that  ^'annuM  ra.\  -  .iml  .i-t:i\  •  r\in  n.i 
apprei-iable  influence  on  the  growth  of  hactcrl.i  in  ruhnn       1^  im  imv 
))ossess  a  lethal  effect  on  numy  hactcria  to  a  depth  nt'  :ilu»ni   '  mm       V\\* 
ocrasional  quick  response  to  nK'ntgciii/atimi  nt'  .m  li  Ii:m  ti  n:il  ulli  •  ti,>n 
as.syc*osis  vulgaris,  acne  vulgaris,  iind  acne  NiiiinIitiMnn    Im      ini  •   t..l 
the  possibility  of  a  direct  or  indirect  eiVei  t  nn  tin    •  an  :oi\.    ntt.  i.« 
organisms.    Theoretically   the  siMnnthin    luta    lax      i\..l\..l   m    tit. 
tis.sue  may  act  <lircctly  aw  bacteria  but    tin    il»i..ix    .1.-.      it.-i    l».iv. 
experimental   supi>ort.     Posjtixe   rultmt       m    l-a.  i.n.il     m.l    imii.u- 
affections,  have  Inm  obtained  rcpiai<ill\    Im   J.o     .h'.I  i\.n   wi.K- 
subsequent    to    fracti(»nal    and    iniiiii\«     iaiii(iih>M       \»«    .iIiiihiMim 
explanation  fur  the  cff!cac\  of  j  \h\  ■  hihI  iihIhihi  in  niuon  liiuftiial 
18 
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affections  is  that  in  some  way  the  rays  so  modify  the  soil  that  the 
microorganisms  find  a  less  favorable  medium  upon  which  to  grow. 
WTiether  this  increased  resistance  is  brought  about  by  stimulation  of 
enzymes  or  by  some  other  biochemical  process  is  not  known.  Several 
years  ago  Oane  studied  the  opsonic  index  in  1  case  of  acne  vulgaris, 
2  cases  of  lupus  vulgaris  and  1  case  of  scrofuloderma  during  ar-ray 
treatment.  In  all  the  patients  the  opsonic  index  was  low  before 
treatment  was  instituted.  The  treatments  were  of  a  strength  sufficient 
to  cause  a  slight  temporary  negative  phase,  followed  by  a  positive 
phase  which  lasted  several  days.  The  treatments  were  given  about 
once  weekly.  Each  positive  phase  being  a  little  higher  than  that 
of  the  preceding  week,  immunity  was  established  in  a  few  weeks  and 
the  eruptions  disappeared.  Crane's  explanation  was  that  the  a:-rays 
caused  the  production  of  an  autogenous  vaccine.  The  work  has  never 
been  verified  nor  experimentally  repudiated. 

In  this  connection  Hektoen  found  it  possible  by  irradiating  lymphoid 
tissue,  to  prevent  the  formation  of  antibodies  soon  after  the  administra- 
tion of  antigen.  It  is  possible  that  very  small  doses  might  have  had  the 
opposite  effect.  Murphy,  Ellis,  Morton  and  others  have  been  able  to 
increase  or  decrease  resistance  against  tuberculosis  by  roentgenizing 
IjTnphoid  tissue.  Tartarsky  was  able  to  reduce  the  lymphocytic  count 
by  subjecting  a  rabbit's  ear  to  a  prolonged  exposure.  It  is  con- 
ceivable that  a  short  exposure  or  a  series  of  properly  spaced  fractional 
doses  might  increase  the  lymphoc>i;ic  count.  As  lymphoid  tissue  and 
the  lymphocyte  appear  to  be  factors  in  the  production  of  immunity 
they  must  be  taken  into  consideration  when  discussing  the  possible 
indirect  action  of  x-rays  and  radium  on  microorganisms  in  pathological 
tissue. 

There  is  not  much  clinical  evidence  to  support  the  sterilization 
theory  in  the  x-rdy  or  radiinn  treatment  of  bacterial  affections.  But 
the  favorable  and  prompt  result  occasionally  seen  in  such  definite 
sta])hylococcic  affections  as  furunculosis  (localized)  and  sycosis  \'ul- 
garis  indicates  that  irradiation  is  capable  in  some  way  and  in  some 
instances  of  increasing  resistance  against  bacterial  invasion.  Most 
of  the  bacterial  diseases  that  are  readily  amenable  to  irradiation  are 
follicular  in  ty])e  and  a  ])ossil)le  explanation  for  its  efficacy  lies  in  the 
fact  that  the  cutaneous  ap])en(lages,  i)articularly  the  hair  follicles,  are 
extremely  susceptible  to  irradiation.  Acne  variolifonnis  (probably 
staphylococcic)  and  acne  vulgaris  (supposedly  due  to  the  acne  bacillus 
and  the  staphylococcus)  res])ond  favorably  and  ra])idly.  Cutaneous 
tuberculosis  yields  very  slowly  and  recurrences  are  common.  The 
cutaneous  lesions  of  s>^>hilis  and  leprosy  may  improve  under  roent- 
genization  but  not  to  a  useful  degree.  The  connnon  wart,  a  lesion  of 
unknown  infective  origin  (possibly  bacterial),  usually  undergoes 
involution  as  a  result  of  a  single  er^lhejna  dose.  Conversely,  the  flat 
juvenile  wart  and  other  forms  of  verrucie,  possibly  of  bacterial  etiology, 
are  recalcitrant.     Parasitic  dermatitis  is  more  stubborn  than  other 
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forms  of  eczema.  It  is  well  known  that  an  incomplete  depilation  will 
often  suffice  to  cure  tinea  tonsurans.  This  might  be  accepted  as 
indicating  a  parasiticidal  action,  but  a  more  reasonable  interpretation 
is  that  the  affected  hairs  depilate  more  readily  than  do  the  healthy 
hairs. 

In  concluding  this  phase  of  the  subject  suffice  it  to  say  that  there  is 
no  experimental  proof  and  very  little  clinical  evidence  in  support  of 
the  sterilization  theory  as  applied  to  microorganisms.  It  is  possible 
that  in  some  instances  irradiation  might  increase  resistance  against  the 
invading  organism  through  some  biochemical  alteration.  Perhaps  a 
more  probable  hypothesis  is  that  irradiation,  by  inhibition,  destroys 
the  reactive  instead  of  the  etiological  factor,  and  the  host,  in  the 
meantime,  develops  an  increased  local  and  perhaps  general  resistance. 

INHIBITION. 

In  the  light  of  present  knowledge  irradiation  effects  can  be  best 
explained,  perhaps,  by  an  inhibitory  action  on  karyokinesis,  on  young 
cells,  undifferentiated  cells  and  cells  that  are  physiologically  very  active. 
Most  of  the  cutaneous  afl'ections  that  are  amenable  to  irradiation, 
regardless  of  the  cause,  are  associated  with  h}T>eremia  and  multiplica- 
tion of  tissue  elements  or  overactivity  of  secreting  epithelium.  While 
the  inhibitory  theory  appears  to  be  satisfactory  as  an  explanation  for 
the  effect  of  x-rays  and  radiimi  on  pathological  tissue,  it  is  quite 
possible  that  the  action  is  complex  and  it  may  depend  upon  several 
different  factors. 

NEVI  AND  CONGENITAL  AFFECTIONS. 

In  the  hyperkeratotic  group— ichthyosis,  verrucous  nevus,  kerato- 
denna  palmaris  et  plantaris,  etc.— there  is  a  congenital  anomaly  which 
interferes  with  the  process  of  normal  keratinization.  The  result  is  a 
markedly  thickened  horny  layer  which  exfoliates  after  irradiation. 
It  is  possible  that  the  temporary  relief  is  due  to  mitotic  retardation  in 
the  basal-cell  layer,  although  there  may  be,  also,  a  direct  influence  on 
the  process  of  keratinization.  Stimulation  certainly  does  not  play  an 
important  role  because  the  dose  required  for  therapeutic  efl'ect  is  close 
to  the  amoinit  for  skin  toleration.  As  soon  as  inhibition  ceases  the 
abnormal  keratinization  continues. 

Vascular  Nevi.— The  elevated  types  of  nevus  vasculosis  yield  to 
radium  in  the  most  striking  manner.  Even  the  cavernous  nevus 
will  disappear  under  safe  therapeutic  dosage.  It  seems  paradoxical 
but  the  superficial  port-wine  mark  is  exceedingly  recalcitrant.  The 
types  that  respond  well  begin  after  birth  and  continue  to  increase  in 
size  for  weeks  and  months.  There  is  a  numerical  increase  in  the  blood- 
vessels which  are  dilated,  abnormally  cellular  and  which  continue  to 
develop  by  budding  processes.    In  other  words,  a  new  growth  in  which 
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the  cells  are  more  or  less  embryonic  in  type.  When  irradiated  it  is 
probable  that  mitosis  is  arrested,  new  vessels  cease  to  form  and  finally 
the  poorly  differentiated  cells  composing  the  vessels  fail  to  be  replaced 
and  are  absorbed.  The  troublesome  port-wine  mark  is  fully  developed 
at  birth,  the  cells  are  mature,  well  differentiated  and  not  very  active. 
It  can,  perhaps,  be  likened  to  telangiectasia.  To  cause  an  obliterat- 
ing endarteritis  in  telangiectasia,  spider  nevus  and  port-wine  mark 
requires  an  amount  of  treatment  that  may  seriously  injure  normal 
tissue.  The  explanation  of  the  effect  of  irradiation  on  lymphangioma 
is  presumably  the  same  as  on  angioma. 

DISEASES  DUE  TO  LOCAL  CAUSES. 

Of  the  many  dermatoses  falling  under  this  heading,  with  the  excep- 
tion of  eczema  of  external  origin  and  the  bacterial  affections,  two  only 
are  treated  with  o'-rays  and  radium — corns  and  callus  (cornu;  callo- 
sitas)— pathological  hypertrophies.  These  lesions  are  characterized 
by  acanthosis  and  particularly  h\T>erkeratosis — a  protective  reaction 
to  traumatism.  Presumably  the  increased  activity  is  in  the  lower  part 
of  the  rete  and  in  the  basal-cell  layer.  Irradiation  prevents  further 
cell  multiplication  and  the  homy  layer  exfoliates.  If  in  the  meantime 
the  local  cause  has  been  removed  there  will  be  no  further  development. 
It  even  seems  possible  to  so  modify  the  epidennis  that  it  ceases  to 
react  to  slight  pressure  or  irritation. 

It  is  difficult  to  comprehend  the  reason  for  the  difference  in  the 
behavior  of  the  various  types  of  verrucae  when  irradiated.  The 
plantar  wart,  a  reaction  to  pressure  or  friction,  is  very  susceptible. 
So,  also  is  verruca  vulgaris,  a  hypertrophy  supposedly  due  to  micro- 
organisms. Verruca  plana,  verruca  filiformis,  verruca  acuminata, 
also  possible  bacterial  hypertrophies,  are  less  susceptible.  Senile  and 
seborrheic  verrucie,  which  are  of  unknown  etiology,  are  less  susceptible 
than  verruca  vulgaris.  The  difference  may  be  a  question  of  virulence 
and  adaptability.  In  cases  of  multiple  common  warts  irradiation  of 
one  wart  or  even  of  a  lesion  of  another  disease  mav  be  followed  bv 
a  disappearance  of  all  the  warts  (l)elbanco,  Halbcrstaedter  and 
others).  This  has  been  thought  to  indicate  the  formation  of  anti- 
bodies or  autogenous  vaccines,  but  the  same  phenomenon  has  been 
observed  hi  connection  with  other  foniis  of  treatment  and  then  it  must 
not  be  forgotten  that  warts  occasionally  disappear  spontaneously  and 
rather  suddenly. 

ECZEMA  AND  OTHER  INFLAMMATIONS. 

The  effect  of  radiation  on  eczema,  or  dermatitis  as  it  is  now  called 
by  many,  may  he  complex  hut  it  sec^iiis  hardly  necessary  to  invoke 
more  than  the  usual  inhibition  hypothesis  to  explain  the  result.  In 
the  early  stage  of  acute  dermatitis  when  the  objective  symptoms 
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consist  of  erythema  and  edema,  irradiation  appears  to  exert  very  little 
efTect.  Even  in  vesicular  dermatitis,  if  the  vesiculation  occurs  before 
hyperplasia  of  the  epidermis,  treatment  will  not  abort  the  eruption 
although  further  development  may  be  prevented.  After  the  leuko- 
c>i:ic  infiltration  and  especially  acanthosis  have  been  established  irradia- 
tion is  very  effective,  presumably  by  curbing  mitosis  and  destroying 
verj'  young  cells.  It  might  be  argued  that  both  the  epidermal  hyper- 
plasia and  the  infiltration  are  protective  and  that  inhibition  of  mitosis 
should  be  injurious  instead  of  beneficial.  In  many  inflammations, 
eczema  included,  the  epidermal  response  is  exaggerated  and  while  at 
first  it  may  be  protective  the  later  overgrowth  is  due  to  an  excess  of 
nutrition.  It  is  the  overgrowth  that  radium  and  o'-rays  tend  to 
prevent.  As  for  the  infiltration,  irradiation  restricts  the  formation  of 
new  cells  in  situ  but  there  is  little  if  any  effect  on  migratory  cells  from 
the  blood  stream.  The  local  lesions  of  eczema  are  self-limited,  they 
represent  a  reaction  to  an  irritant  and  when  the  irritant  is  removed  the 
lesions  disappear  spontaneously.  Irradiation,  while  promoting  resolu- 
tion of  individual  lesions,  does  not  seem  to  influence  the  etiological 
factor  nor  the  disease.  Unfortunately  this  is  true  of  many  of  the 
dermatoses. 

Accepting  eczema  as  a  pattern  for  the  inflammations,  the  same 
explanations  hold  for  affections  such'as  psoriasis  and  lichen  planus. 
Eczema  and  psoriasis  occasionally  become  dermatitis  exfoliativa,  a 
condition  likely  to  offer  considerably  more  resistance  than  do  its 
predecessors  even  in  instances  where  the  morphology  is  much  the  same. 
The  reason  for  this  resistance  is  possibly  because  of  a  more  virulent 
virus  or  increased  susceptibility  to  the  virus,  the  resulting  cutaneous 
reaction  having  a  vitality  that  overbalances  the  inhibitory  influence 
of  therapeutic  doses.  Similar  reasoning  may  hold  for  diseases  which 
usually  are  favorably  influenced  but  which  occasionally  fail  to  respond 
to  irradiation.  It  not  infrequently  happens  that  a  person's  first  few 
attacks  of  psoriasis  will  disappear  promptly  under  the  influence  of  the 
a'-rays  while  later  attacks  may  be  irresponsive.  The  same  phenomenon 
is  observed  in  cases  of  mycosis  fungoides,  leukemia  cutis,  Hodgkin's 
disease,  epithelioma,  sarcoma,  and  rarely  in  other  affections.  Increased 
virulence  of  virus  or  increased  susceptibility  to  virus  may  be  factors 
here,  but  it  is  also  advisable  to  consider  the  possibility  of  acquired 
resistance  to  irradiation,  a  subject  that  is  discussed  at  the  end  of  this 
chapter. 

\Vhen  treating  generalized  dermatoses,  especially  affections  that  are 
ver>'  *' radiosensitive,"  such  as  mycosis  fungoides,  particularly  if  large 
surfaces  are  exposed  to  fairly  large  amounts  of  radiation,  a  febrile  reac- 
tion is  likely  to  develop  together  with  a  more  or  less  generalized  toxic 
rash,  and  the  original  eruption  may  become  more  manifest  (Schua- 
mann,  White,  Roman  and  others).  These  phenomena  may  be  due 
to  the  rapid  absorption  of  toxic  material  from  the  involuting  lesions 
and,  also,  to  a  lowering  of  the  lymphocyte  count. 


278  ACTION  OF  X-RAYS  ON  PATHOLOGICAL  TISSUE 

DISEASES  DUE  TO  BACTERU. 

Sycosis  vulgaris  was  mentioned  under  "  Bacteria*'  at  the  beginning 
of  this  chapter.  Many  cases  of  pyogenic  sycosis  cannot  be  eradicated 
until  permanent  alopecia  has  been  produced.  It  is  easy  to  understand 
the  mechanism  of  cure  in  such  instances.  It  is  more  difficult  to  provide 
an  explanation  for  cures  obtained  without  even  a  temporary  loss  of 
hair. 

Acne  Vulgaris. —The  pathology  of  acne  vulgaris  consists  of  a  pre- 
liminan^  inflammation  of  the  distal  third  of  the  hair  follicle  and  of  the 
sebaceous  duct  and  gland.  This  inflanunation  is  supposedly  due  to 
the  acne  bacillus  and  results  in  a  hyperplasia  and  exfoliation  of  the 
follicular  epithelium  together  with  overactivity  of  the  sebaceous  glands. 
Exfoliation  is  largely  responsible  for  the  comedone;  the  pustule  is  due 
to  the  staphylococcus.  Inhibiting  cell  division  and  sebaceous  secre- 
tion with  possible  direct  or  indirect  action  on  bacteria  are  the  probable 
functions  of  irradiation  in  this  disease. 

Tuberculosis  and  other  Granulomata.— Cutaneous  tuberculosis  belongs, 
pathologically,  to  the  granulomata  and  as  the  discussion  is  of  the 
granulomata  rather  than  tuberculosis,  we  will  include  bacterial  affec- 
tions such  as  leprosy,  sv-philis,  rhinoscleroma,  fungus  diseases  such  as 
blastomycosis  and  actinomycosis  and,  as  representatives  of  the  non- 
bacterial granulomata,  mycosis  fungoides,  leukemia  cutis,  and  granu- 
loma annulare.^  Mycosis  fungoides  and  the  entire  lymphoid  group  of 
diseases  respond  quickly  as  a  rule,  although  only  temporarily,  to  irradia- 
tion— leukemia  cutis,  lymphogranulomatosis  cutis,  Hodgkin's  disease, 
etc.  The  probable  reason  for  this  high  degree  of  **radiosensitiveness" 
is  the  fact  that  the  entire  l^Tnphatic  system  is  easily  and  profoundly 
affected  by  both  o'-rays  and  radium.  The  lesions  of  granuloma  annu- 
lare will  usually  undergo  complete  involution  as  a  result  of  a  single 
erythema  dose.  The  non-bacterial  granulomata  are  the  most  suscep- 
tible members  of  this  group.  The  fungus  diseases  can  be  accorded 
second  ])lace  as  both  actinomycosis  and  blastomycosis  yield  rather 
promptly  as  a  rule  to  comparatively  small  doses. 

The  lesions  of  syphilis  and  leprosy  will  yield  to  a  certain  extent. 
The  more  benign  tx-pes  of  cutaneous  tuberculosis — sarcoid  and  ery- 
thema induratum — are  quite  susceptible.  The  inactive  atrophic  t>'pe 
of  lupus  vulgaris  with  deeply  imbedded  ap])le-jelly  nodules,  is  parti- 
cularly recalcitrant.  The  comparatively  active  hypertrophic  lupus, 
ulcerated  lupus  and  tuberculosis  verrucosa  cutis  are  more  susceptible 
and  the  very  active  miliary  lupus  and  tuberculosis  orificialis  are  likely 
to  be  even  more  susceptible.  With  the  exception  of  syphilis  it  will  be 
noteil  that  susceptibility  bears  some  relation  to  duration  and  activity. 
The  rapidly  developing  granulomata — actinomycosis,  blastomycosis, 
granuloma   annulare,   miliary   lupus — involute   more   rapidly   under 

*  Graiiuloina annulare  miiy  he  a  )>etiiKn  form  of  cutaneous  tulK?rculosis  or  a  tulxTculide. 
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irradiation  than  do  those  of  slow  evolution — hipiis  vulgaris,  rhino- 
scleroma.  It  is  significant  that  the  most  inactive  granuloma,  barring 
leprosy,  is  the  most  resistant,  namely,  atrophic  lupus  vulgaris.  Such 
ohsenations  tend  to  support  the  theory  of  inhibition.  It  is  possible, 
too,  that  the  t\'pe  of  infiltrating  cell  has  something  to  do  with 
radiosensitiveness — plasmomata  seem  to  be  less  sensitive  than  the 
Kinphomata. 

DISEASES  OF  THE  APPENDAGES. 

All  of  the  ap|>endages,  with  the  exception  of  the  nails,  and  especially 
tie  hair  follicles,  are  markedly  influenced  by  irradiation.    The  com- 
parative immunity  of  the  nails  may  be  due  in  part  to  filtration.    The 
comparative  susceptibility  of  the  hair  follicles  is  perhaps  caused  by  the 
Ripid  cell  division  and  the  large  number  of  young  cells  always  present 
ft  or  near  the  bulb.    The  action  on  the  coil  and  sebaceous  glands 
K  presumably  a  retardation  of  physiological  activity.     Permanent 
fesuits  in  h^Tperidrosis  and  seborrhea  are  due  to  atrophy  of  the  coil 
and  sebaceous  glands.    This  may  be  due  to  a  direct  effect  on  the 
Whelium  with  hereditary  transmission  of  acquired  characteristics 
Of  to  a  lessened  blood  supply  caused  by  sclerosis  and  contraction  of  the 
«)nnective-tissue  stroma.    Many  fungous  and  bacterial  affections  of 
4e  hair  follicles  cannot  be  cured  by  roentgenization  without  a  deflu- 
^'lum.    This  is  alwavs  so  in  tinea  tonsurans  and  favus  and  verv  fre- 
Jluently  in  sycosis  vulgaris,  folliculitis  decalvans,  etc.    In  such  instances 
^f^iation  acts  as  a  depiIator>%  the  microorganisms  being  removed 
'rith  the  hair. 

PRURITUS. 

It  is  stated  repeatedly  in  the  literature  that  the  .r-rays  will  relieve 
P^.  This  is  true  in  instances  where  the  pain  was  due  to  the  presence 
^}  painful  lesions  that  involuted  as  a  result  of  irradiation.  Occa- 
^nally  applications  of  x-rays  or  of  radium  will  relieve  ])ain  that  is  due 
^  Hene  inflammation — neuralgia.  Occasionally,  too,  intensive  treat- 
'^^nts  will  be  followed  by  neuralgic  pain  that  lasts  several  weeks.  Such 
observations  support  the  belief  that  these  radiations  may  exert  a  <lirect 
*^ion  on  the  nerves.  That  j-rays  and  radium  will  frequently  allay 
^Vere  itching  is  an  accepted  fact.  When  the  ])ruritus  is  due  to  a 
^t4uieous  eruption  its  disappearance  usually  coincides  with  the 
**^VoIution  of  the  eruption.  It  is  difficult  to  explain  why  irradiation 
^^uld  overcome  the  symptoms  of  an  affection  such  as  pruritus  ani. 
A™  effect  is  certainly  not  psychological.  If  it  can  be  assumed  that 
etching,  in  cases  of  pruritus  without  visible  cutaneous  changes  and 
^hich  is  amenable  to  roentgenization,  is  due  to  alterations  in  the 
^Dagen  or  in  the  sensor^'  terminals  or  fibrils  (edeniaj  it  is  conceivable 
^^t  radiation  acts  by  inhibiting  chemical  action  and  cell  proliferation. 
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NEW  GROWTHS. 

There  is  an  enormous  difference  in  the  susceptibility  of  the  various 
new  growths  to  irradiation.  The  basal-cell  epithelioma  is  very  sus- 
ceptible as,  also,  is  keloid.  Squamous-cell  epithelioma  is  much  less 
susceptible.  Cutaneous  fibroma,  myoma  and  neuroma  hardly  respond 
at  all.  The  benign  epithelial  new  growths — syringoma,  tricho-epithe- 
lioma,  multiple  benign  cystic  epithelioma,  etc. — are  very  recalcitrant. 
The  same  differences  are  noted  in  the  sarcoma  group.  Benign  endo- 
theliomata  (moles)  are  cured  with  difficulty.  Giant-cell  sarcoma  is 
very  susceptible,  more  so  than  either  the  spindle-cell  or  round-cell 
sarcoma.  The  difference  in  susceptibility  seems  to  be  partly  one  of 
cjlology  and  morphology.  The  benign  epitheliomata  are  quiescent 
lesions  probably  nevoid  in  character.  The  cells  are  mature,  different- 
iated and  are  not  undergoing  rapid  division.  The  basal-cell  epithe- 
lioma is  composed  of  cells  that  are  constantly  although  not  rapidly 
multiplying.  The  cells  are  derived  from  the  stratum  germinativum 
and  show  no  tendency  to  produce  keratohyaline.  In  other  words  they 
are  immature  and  unspecialized,  the  type  of  cell  that  one  might  expect 
to  see  easily  influenced  by  irradiation.  Cutaneous  prickle-  or  squamous- 
cell  cancer  is  composed  of  cells  that  are  undergoing  rapid  division  but 
the  cells  are  less  embryonic  in  type  and  presumably  for  this  reason  more 
resistant.  Soft  fibromata  (rapid  proliferation  of  young  connective- 
tissue  cells)  will  yield  to  irradiation  while  hard  fibromata,  which 
consists  of  mature,  differentiated  fibrous  tissue  are  highly  resistant. 
It  is  probable  that  uterine  myomata  and  fibromata  are  not  directly 
affected  by  irradiation  but  indirectly  through  atrophy  of  the  ovaries 
(Corscaden  and  others).  The  difference  in  susceptibility  between 
keloid  and  hard  fibroma  may  be  due  to  the  fact  that  the  former  is 
comparatively  rapid  in  its  evolution. 

The  Malignant  Cell.— There  has  been  a  great  deal  of  excellent  experi- 
mental work  with  both  .r-rays  and  radium  on  the  malignant  cell. 
Colwell  and  Russ  review  the  work  up  to  1915.  The  early  experi- 
ments on  animals  with  radium  (Apolant,  Wedd,  Chambers  and  Russ 
and  others)  led  to  the  belief  that  the  favoral)Ie  results  were  due  largely 
if  not  entirelv  to  beta  ravs  but  later,  Dominici,  Wood  and  Prime  and 
others,  demonstrated  the  lethal  efiect  of  gamma  rays.  In  experiments 
on  animals  with  .r-rays  many  of  the  early  workers  used  long  wave 
lengths  (soft  rays)  (Wedd  and  Russ  and  others),  it  being  the  opinion 
that  long  wave  lengths  were  more  effectual  than  were  the  short  waves. 
Most  investigators  agree  that  beta  rays  are  more  efficacious  than  are 
gamma  or  a--rays  but  in  therapeutic  work  it  is  not  j)()ssible  to  employ 
them  without  danger  of  serious  injury  to  the  host  excei)ting  in  super- 
ficial tumors.  There  is  still  a  (lifi'ercnce  of  opinion  relative  to  the 
efficacy  of  short  and  long  gamma  rays  and  j*-rays  but  thanks  largely  to 
the  work  of  Worn!  and  Prime  it  nuist  be  conceded  that  short  wave 
lengths  (filtered  hard  rays)  are  lethal  when  given  in  sufficient  amount. 
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It  is  the  consensus  of  opinion  that  the  effect  of  radiation  on  the 
malignant  cell  is  due  to  inhibition  of  cell  division.  As  a  general 
proposition  the  malignant  cell  is  more  "radiosensitive*'  than  is  the 
surrounding  tissue.  I'nfortunately  this  is  not  always  so.  Radio- 
logists have  long  recognized  a  marked  variation  of  "  radiosensitive- 
ness*'  in  malignant  growths  of  different  types.  Some  malignant  cells 
are  even  less  sensitive  than  rapidly  growing  connective  tissue  or  the 
infiltrating  lymphocytes.  Wood  and  Prime,  and  Ewing  have  specific- 
ally remarked  these  features.  The  author  has  repeatedly  noted  a 
disappearance  of  the  infiltrating  lymphocytes  without  total  destruction 
of  malignant  activity.  One  reason  for  the  failure  of  the  lethal  doses 
completely  to  destroy  all  the  cells  in  a  favorably  located,  susceptible 
malignant  growth,  is  the  fact  so  well  known  to  cytologists,  that  cells 
are  relatively  immune  during  their  rest  stage. 
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Wedd  and  Russ,  Wedd  and  Chambers,  Pentimalli,  Wassermann  and 
others  conducted  interesting  but  inconclusive  experiments  with  radium. 
Wood  and  Prime,  in  1915,  demonstrated  the  lethal  dose  for  both  beta 
and  gamma  rays  in  vitro  and  in  vivo  with  certain  experimental  malig- 
nant tumors.  Kronig  and  Friedrich  found  the  a*-ray  lethal  dose  for 
both  sarcoma  and  carcinoma  to  be  a  little  less  than  the  erythema  dose. 
Seitz  and  Wintz  increased  the  dose  about  20  per  cent.  The  most 
exhaustive  work  so  far  conducted  was  done  by  Wood  and  Prime  in 
1920.  These  investigators  used  short  ^-rays  (9-inch  gap)  filtered 
through  3  nun.  of  aluminium.  The  tissue  employed  was  mouse 
sarcoma  180,  Crocker  series,  and  mouse  carcinoma  11,  (^rocker  series. 
As  a  check  on  biologic  effect,  normal  mouse  embryo  kidney  was  used. 
Sarcoma  180  is  a  rapidly  growing  large-cell  sarcoma  with  but  little 
interstitial  tissue.  It  almost  never  undergoes  spontaneous  recession. 
Carcinoma  11  is  a  breast  carcinoma  of  a  medullary  type,  occasionally 
receding.  The  tissue  was  removed  from  mice,  .r-rayed,  then  one-half 
was  used  to  inoculate  mice  while  the  other  half  was  employed  for  in 
vitro  growths  in  plasma.  The  results  of  this  carefully  conducted  work 
are  briefly  summarized  by  Wood  and  Prime  as  follows: 

"Approximately  four  er\i:hema  doses  of  roentgen  rays  given  con- 
tinuously and  filtered  through  3  mm.  of  aluminium  are  required  to  kill 
mouse  carcinoma  and  five  such  doses  to  kill  mouse  sarcoma  ^exposed 
in  vitro;  but  occasionally  some  cells  may  escape  the  effects  of  even  six 
doses. 

"Approximately  six  erjlhema  doses  of  roentgen  rays  are  required  to 
kill  sarcoma  cells  in  vivo  as  compared  to  five  doses  required  to  kill 
the  same  cells  in  vitro;  and  approximately  six  erythema  doses  are 
required  to  kill  carcinoma  cells  in  vivo  as  compared  to  four  doses 
required  to  kill  the  same  cells  in  vitro. 
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"The  in  vitro  outgrowths  from  sarcoma  tissue  after  four  erythema 
(loses  of  roentgen  rays  produced  tumors  when  inoculated  into  mice. 

"  At  least  five  erythema  doses  of  roentgen  rays  are  required  to  kill 
carcinoma  and  sarcoma  cells  in  tissue  cultures  and  at  least  four  doses 
are  required  to  kill  embryonic  connective  tissue  in  cultures. 

"  The  amount  of  in  vitro  growth  is  no  indication  whether  the  tumor 
cell  is  or  is  not  capable  of  proliferating  in  the  animal  body.  The 
growth  observed  after  lethal  doses  is  evidently  due  to  the  slow  action 
of  the  rays  which  permits  cells  potentially  dead  to  wander  out  into  the 
medium  and  to  complete  a  division  process  before  their  growth  momen- 
tum is  finallv  checked. 

"Absence  of  mitotic  figures  after  roentgen-ray  treatment  is  not  an 
indication  of  lack  of  ability  of  the  cells  to  grow  in  the  animal  body. 

"  The  practical  conclusion  which  may  be  drawn  from  these  observa- 
tions is  that  the  amount  of  roentgen  rays  necessary  to  kill  all  the  cells 
of  a  rapidly  growing,  very  cellular  and  highly  malignant  sarcoma  or 
carcinoma  in  man  is  between  five  and  seven  erythema  doses  of  filtered 
roentgen  rays  when  the  tumor  is  on  the  surface  of  the  body.  Every 
centimeter  of  tissue  that  covers  the  tumor  makes  an  additional  amount 
of  roentgen  rays  necessary.  For  example,  when  slices  of  fibroid  uterus 
are  used  as  absorptive  material,  the  galvanometer  deflections  show  that 
at  a  depth  of  2  cm.,  19  per  cent,  more  radiation  is  required;  at  5  cm. 
depth,  47  per  cent,  more  and  at  10  cm.  depth,  65  per  cent.  more.  While 
many  tumor  cells  may  possibly  be  slowed  in  their  progress  and  mitotic 
forms  killed  at  such  depths,  it  is  doubtful  whether  all  can  be  destroyed. 
The  basal-cell  tumors  and  the  lymphosarcomata  are,  as  is  well  known, 
much  more  susceptible  to  radiation.  Small,  superficial,  metastatic 
carcinomata  are  also,  in  some  instances,  more  susceptible  than  is  the 
primary  tumor." 

ACQUIRED  RESISTANCE. 

Lesions  of  mycosis  fungoides  which  are  at  first  exceedingly  suscept- 
ible to  irradiation  finally  cease  to  respond  even  to  large  doses.  This  is 
true  of  the  entire  leukemic  group  of  diseases.  The  same  phenomenon 
is  observed  in  epithelioma,  especially  when  fractional  instead  of  mas- 
sive (loses  are  administered.  Occasionally,  too,  psoriasis  and  other 
affections  will  behave  in  the  sjime  manner.  It  seems  that  in  certain 
diseases  which  have  received  long-continued  treatment  the  cells  develop 
a  resistance  that  is  apparently  transmitted  to  future  cell  generations. 
Nogier  and  Regaud  have  noted  this  phenomenon  in  epithelioma  but 
offer  no  explanation. 

Conclusions.— Small  doses  of  .r-rays  or  radium  rays  at  long  intervals 
stimulate  pathological  tissue  that  is  resistant  to  these  agents.  \'ery 
small  doses  so  spaced  that  accumulation  is  avoided  will  stimulate 
susceptible  tissue.  It  is  possible,  therefore,  that  in  some  diseases  the 
stimulating  effect  of  radiation  may  be  beneficial  and  curative.  Clinical 
and  experimental  evidence,  however,  point  to  the  inhibitory  influence 
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of  radiation  on  pathological  tissue  as  being  the  chief  therapeutic  factor. 
The  indirect  action  on  micro<)rganisins,  the  effect  on  synthetic  and 
autoljtic  enzymes  and  other  biochemical  actions,  together  with  the 
effect  on  lymphoid  tissue  must  also  be  taken  into  consideration. 
Present  knowledge  will  not  permit  of  too  free  generalization  relative 
to  the  action  of  x-rays  and  radium  on  pathological  tissue. 
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CHAPTER  XIX. 
GENERAL  THERAPEl  TIC  CONSIDERATIONS. 

Dosage.— The  object  of  therapeutic  applications  of  or-rays  and 
radium  is  to  cure  or  relieve  objective  and  subjective  symptoms.  If 
radiation  is  applied  to  a  disease  in  which  such  treatment  is  contra- 
indicated,  thus  making  its  s\Tnptoms  worse,  or  because  of  excessive 
dosage  an  undesirable  and  even  dangerous  sequela  is  substituted  for  a 
harmless  lesion,  then  the  main  object  of  roentgen  therapy  and  radium 
therapy  has  been  defeated. 

Of  the  cutaneous  affections  that  are  amenable  to  irradiation  the 
majority  can  be  cured  or  improved  by  a  quantity  of  radiation  that  will 
have  no  injurious  eflFect  on  the  skin.  In  such  diseases  as  epithelioma 
and  sarcoma,  it  is  justifiable  to  produce  a  severe  reaction  when  neces- 
sary. In  the  various  types  of  cutaneous  tuberculosis  and  other  recal- 
citrant diseases,  where  large  quantities  are  necessary  for  the  purpose 
of  cure,  it  may  be  impossible  to  avoid  a  first  degree  reaction.  In  severe 
types  of  hyperidrosis,  sycosis  voilgaris  and  acne  \^lgaris,  it  may  be 
necessary  to  carry  the  treatment  to  the  point  of  slight  wrinkling  of  the 
skui.  With  the  exception  of  the  malignant  neoplasms  treatment  should 
not  be  continued  until  a  reaction  ensues  or  a  sequela  develops  unless 
absolutely  necessary.  If  the  operator  is  in  doubt  it  is  advisable  to 
request  a  consultation  and  a  division  of  responsibility.  The  main 
points  to  be  emphasized  here  are  that:  first,  prolonged  treatment  should 
be  avoided.  If  a  disease,  usually  amenable  to  a  prescribed  amount  of 
irradiation  over  a  given  amount  of  time,  fails  to  respond  favorably  to 
such  treatment,  it  is  advisable  to  discontinue  the  exposures.  It  is 
much  better  to  lose  a  patient  on  account  of  failure  to  cure  than  it 
is  to  effect  a  cure  at  the  expense  of  cosmetic  disfigurement.  The 
disease  might  be  cured  in  some  other  way;  the  cosmetic  defect  from 
irradiation  may  be  permanent.  It  is  well  to  bear  in  mind  constantly 
that  repeated  exposures  over  a  long  period  of  time,  even  without  the 
advent  of  erythema,  may  lead  to  visible  cutaneous  atrophy  and  even 
to  keratoses. 

The  second  ])()int  is  that  excessive  dosage  is  to  be  scrupulously 
avoided.  Heavy  dosage  is  indicated  in  epithelioma  as  already  stated, 
but  even  here  it  is  inadvisable  to  effect  more  than  a  first  degree  reaction 
or  at  the  most  a  mild  second  degree  reaction.  In  all  other  affections 
the  author  urges  the  avoidance  of  even  a  mild  first  degree  reaction. 
This,  of  course,  is  not  always  possible.  In  some  diseases — tinea 
tonsurans,   sycosis   vulgaris,    lupus   vulgaris — the   margin   of  safety 


DOSAGE  285 

between  the  lethal  dose  for  the  disease  and  the  amount  that  might 
permanently  injure  the  skin  is  small,  in  some  instances  too  small  to 
allow  for  the  inaccuracy  of  the  most  modern  technic.  Allowance  for 
human  fallibility,  not  only  in  questions  of  technic  but  in  matters  of 
judgment,  must  be  made. 

In  many  cutaneous  affections — keloid,  acne  vulgaris,  circumscribed 
neurodermatitis,  inveterate  and  nummular  psoriasis,  chronic  squamous 
eczema,  etc. — a  single  dose  sufficient  to  effect  an  erythema,  or  a  few 
fractional  doses  so  spaced  that  an  erythema  is  the  immediate  result, 
will  suffice  to  effect  a  prompt  cure.  Severe  examples  of  acne  indurata 
will  often  undergo  complete  involution  as  a  result  of  a  mild  first  degree 
radiodermatitis.  Such  treatment,  however,  is  not  warranted.  It 
cannot  be  too  often  stated  nor  too  forcibly  emphasized  that  a  single 
erythematous  reaction,  even  when  exceedingly  mild  will  in  some 
persons  be  followed  by  wrinkling  and  telangiectasia.  The  slogan 
for  radiologists,  whether  employing  radium  or  J-rays,  should  be  never 
to  effect  even  a  slight  first  degree  reaction  if  it  can  possibly  be  avoided 
or  unless  the  necessity  for  such  reaction  is  a  requisite  for  the  cure  of  a 
dangerous  or  otherwise  incurable  disease.  And  in  this  connection  a 
distinction  must  be  made  between  a  disease  and  a  cosmetic  condition 
such,  for  instance,  as  hypertrichosis. 

Roentgen  dosage  is  expressed  in  many  ways.  It  seems  desirable, 
until  some  better  scheme  is  advocated,  to  create  a  standard  dose  for 
practical  therapeutic  work  that  possesses  a  fairly  definite  value  as 
judged  by  the  effect  on  the  skin.  This  has  already  been  done — the 
erythema  dose.  But  there  is  no  absolute  nor  generally  accepted 
standard  for  the  erythema  dose.  Hence  we  hear  of  the  erythema  dose, 
full  dose,  epilating  dose,  skin  toleration  dose,  saturation  dose,  reaction 
dose,  suber^lhema  dose,  intensive  dose,  massive  dose,  fractional  dose, 
the  skin  unit,  etc. 

The  following  is  offered  for  the  purpose  of  standardizing  dosage  and 
to  obtain  a  uniform  nomenclature: 

Erythema  Dose. — The  amount  of  j-rays  necessary  to  effect  definite 
er}i:hema  on  a  sensitive  part  of  the  body — face,  anterior  neck,  axillae, 
flexor  surface  of  arms,  and  abdomen — (see  chapter  on  Idiosyncrasy). 
Radiometrically  the  unfiltered  erythema  dose  is  1  Holzknecht  unit 
estimated  imih  pastille  on  the  skin  (Hi  S.  I).;  H4;  8  X;  Chapter  IX). 
The  amount  of  unfiltered  radiation  required  to  produce  a  mild  reaction 
in  the  skin  will  differ  somewhat  in  different  individuals.  The  so-called 
erythema  dose  (HI  S.  D.)  will  not  always  provoke  an  erythema  even 
on  sensitive  parts.  Again  there  are  persons  whose  skin  may  react 
slightly  to  three-quarters  or  even  one-half  this  amount  of  radiation. 
The  er\i:hema  dose  as  here  established  simply  represents  a  standard 
unit  of  quantity  that  in  the  average  person  will  produce  more  or  less 
reaction  on  the  skin. 

In  recording  doses  or  in  giving  information  relative  to  treatment, 
the  operator  should  mention  the  essential  details  of  the  technic — 
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milliamperage,  spark  gap  or  voltage,  time,  distance,  filtered  or  un- 
filtered  and  if  filtered  the  filtering  material  and  its  thickness.  It  is 
advisable  also  to  mention  the  type  of  apparatus  employed.  Unless 
one  operator  is  familiar  with  the  technic  employed  by  another  ojjerator 
it  will  not  suffic*e  to  say  simply  that  an  erythema  dose  was  administered. 
There  would  be  too  much  possibility  of  error  or  misunderstanding.  It 
is  often  necessary  to  refer  a  patient  to  another  city  for  treatment.  In 
such  instances  it  is  advisable  to  give  details  as  follows: 

April  25,  1921);  er>thema  dose;  Hi  S.  D.;  Ma.  2;  Sp.G.  6;  T.  3  min.; 
I).  8  in.:  intemipterless  transformer;  Coolidge  tube;  unfiltered.  Also 
information  relative  to  number  of  treatments,  time  between  treat- 
ments, effect  of  previous  treatments,  suggestions  as  to  further  treat- 
ment, etc. 

The  standanl  erythema  dose  for  j*-rays  filtered  through  3  mm.  of 
aluminium  is  H2  S.  D. 

Actx*ptuig  the  erAthema  dose  or  "skin  unit''  as  above  standardized 
it  becomes  possible  to  give  a  reasonably  definite  meaning  to  certain 
tenns  so  often  employed  in  this  country*. 

Intenslre  or  Ma^sice  Ihtse. — The  amount  of  radiation  required  to 
provoke  a  mild  er\thematous  reaction  in  sensitive  normal  skin.  In 
other  words,  an  er>'thema  dose. 

Uiiihcriniensite  lh)se,—\  quantity  sufficient  to  provoke  a  pro- 
lunuK^^l  erythema  or  a  mild  second  degree  reaction  in  normal  skin. 

ritra-intomce  I)ose.—\n  application  that  \i'ill  cause  a  severe  second 
degrt^e  reaction  or  a  third  degree  reaction  in  normal  skin. 

Subintefmre  /)f«^tr.— Three-quarters  of  the  erj-thema  dose.  Also 
sjK>ken  of  as  the  sul>er\thema  dose,  skin  toleration  dose  and  saturation 
dose. 

Srwi'intnmrr  Dim\ — One-half  of  the  erythema  dose. 

Fractittnal  7)(«fr.— One-quarter  of  the  er\thema  dose. 

Suffrivtimal  7)fw\— One-sL\teenthorone-eighthoftheer>'themadose. 

Those  terms  can  Ih*  usetl  only  when  dealing  in  generalities.  They 
may  ho  onipKn  oil  in  l>oth  n^entgen  therapy  and  radium  therapy.  When 
>ii:iiif\  inj:  .r-ray  oxi)osures  they  may  be  expressed  in  figures  (the  doses 
aro  o<tinlatt^^  at  full  distance,  i.  e„  with  pastille  on  the  skin): 

Intonsivo  -  111  untiltoretl.     H2  filteretl  with  3  mm.  of  aluminium. 

llNporintonMvo-  Hi  to  112  unfiltered.     H2  to  H4  filtered. 

ritra-inton>ivo-  H2  to  U'A  imfiltereil.     113  to  HG  filtered. 

Suhiiiton>i\o     U]  untiltorotl.     HU  filtered. 

Sonii-iiitonsivi-    U]  untihon^^.     III  filteretl. 

Fractional-  H J  untiltorotl.     H)  filtered. 

Suhtraotional—  11,^^  to  HJ  untiltoreii.     HJ  filtered. 

It  is  iu>t  praotioal  to  u>o  radioniotrio  numerals  in  reconling  radium 
appIioatii>n>.  Horo  it  is  luwssiiry  to  mention  the  t\T)e,  size  and 
stronctli  of  tho  appliiati^r.  exposure  time,  distance  from  the  surface 
and  tliiokno>s  of  tho  tiltor  a-  woll  as  tho  material  of  which  it  is  com-* 
IH\<eil    Chapter  XII  . 
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Rest  IntenraLi  Between  Treatments.— It  is  desirable  that  there  sliould 
be  an  agreement  relative  to  the  length  of  the  rest  ])eri()ds  allowed 
between  treatments.    This  is  advisable  in  order  to  avoid  injurious 
results  and  also  to  clearly  differentiate  between  fractional  and  intensive 
treatment.     Obviously,  if  fractional  or  semi-intensive  applicatibns  are 
administereil  every  day  or  two  accumulation  will  very  soon  result  in  an 
intensive  effect.    It  would  be  misleading  to  apply  the  term  fractional 
to  such  treatment.    Practically  all  radiologists  are  agreed  that  a  rest 
of  at  least  three  wrecks  should  be  allow^ed  between  intensive  treatments. 
There  is  no  agreement  relative  to  fractional  treatment.     In  attempting 
to  standardize  the  rest  period  one  must  have  in  mind  several  possibili- 
ties.    Treatments  should  not  be  so  far  apart  as  to  jeopardize  thera- 
peutic efficacy.    But  the  rest  interval  must  be  of  a  length  that  will 
in.sure  against  injurious  accumulation.    Delayed  reactions,  prolonged 
reactions,  sensitized  skin,  etc.,  also  should  enter  into  the  calculations. 
As  a  routine  the  following  procedure  has  given  satisfaction. 
Intensive  Treatmenis. —Intensive  doses  may  be  repeated  at  intervals 
of  four  weeks  providing  there  has  been  no  reaction.     If  there  has  been 
a  reaction  the  next  treatment  is  not  given  for  at  least  tw  o  weeks  after 
the  reaction  has  subsided.     Intensive  treatment  includes  the  adminis- 
tration of  fractional  treatments  so  spaced  in  time  that  an  intense  effect 
is  obtained  within  two  weeks. 

Hyperintensive  Treatment — ^These  treatments  will  provoke  a  reac- 
tion in  all  but  lesions  possessing  a  very  thick  horny  layer  such,  for 
instance,  as  plantar  warts,  cornu,  etc.  If  there  is  no  reaction  the 
treatment  may  be  repeated  in  from  four  to  six  weeks.  But,  in  case  of 
reaction,  a  rest  of  one  month  should  be  allowed  after  complete  dis- 
appearance of  the  reaction. 

UUra-intensite  Treatment. — ^Here,  too,  the  rest  interval  will  depend 
upon  the  degree  of  reaction  and,  also,  the  type  of  lesion.  Treatments 
should  not  be  repeated  in  less  than  six  weeks  in  any  case.  At  least  a 
month  should  elapse  after  the  subsidence  of  a  reaction  before  the 
treatment  is  repeated. 

Suhintejmve  Treatment,— ks  a  routine  the  treatments  are  gi\'en 
every  four  weeks. 

Semi-intensive  Treatment, — As  a  routine,  every  two  or  three  weeks. 
Fractional  Treatment— Once  weekly. 
Subfradional  Treatment, — ^Twice  weekly. 

Fractional  Versos  Intensive  Treatment.— Originally,  all  .r-ray  and 
radium  treatment  was  of  the  fractional  type.  When  radiometric 
measurement  (the  first  accurate  method  of  estimating  roentgen  dosage) 
was  first  instituted  it  was  found  most  reliable  with  large  doses.  As 
soon  as  large,  carefully  measured  applications  were  widely  employed 
superior  therapeutic  results  were  noted.  These  superior  results  were 
thought  to  be  caused  partly  by  greater  accuracy  in  dosage  and  ]>artly 
by  the  biological  effect  of  massive  applications.  To  appreciate  this 
evolution  of  ideas  (the  word  revolution  might  well  be  used)  it  should 
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to  a  group  of  very  small  lesions  between  which  there  is  normal  skin. 
The  normal  skin  in  such  instances  can  be  protected  by  cutting  holes, 
of  the  correct  number,  size  and  shape,  in  a  piece  of  lead  foil.  Another 
method  is  to  coat  the  skin  with  a  50  per  cent,  bismuth  or  zinc  oxide 
paste.  When  employing  these  heavy  elements  (lead,  zinc,  bismuth, 
etc.)  for  this  purpose,  the  possible  effect  of  "soft"  secondary  radiation 
must  be  considered.  However,  with  the  doses  used  in  cutaneous 
roentgen  therapy,  no  harm  has  resulted  when  employing  these 
materials. 

Many  operators  judge  of  the  spread  of  the  rays  by  observing  the 
illumination  of  the  skin  caused  by  the  light  from  the  Coohdge  filament. 
This,  however,  is  not  accurate  as  the  filament  and  the  focal  spot  on  the 
anode  are  quite  a  distance  apart.  A  better  plan  is  to  place  a  fluorescent 
screen  over  the  region  to  be  irradiated.  When  the  tube  is  in  operation 
the  part  of  the  screen  acted  upon  by  the  radiation  will  fluoresce  bril- 
liantly, thus  outlining  the  area  of  radiation.  Such  a  screen,  suitably 
ruled,  may  be  used  to  center  the  target  over  the  center  of  the  lesion. 
It  is  a  good  idea  to  have  the  screen  backed  with  heavy  lead-glass  so  that 
no  radiation  will  reach  the  lesion  before  the  actual  treatment  is  begim. 

Direct  and  Oblique  Rays.— There  is  a  physical  law  that  has  received 
considerable  attention  by  radiologists:  Intensity  varies:  (1)  inversely 
as  the  square  of  the  distance  and  (2)  directly  as  the  sine  of  the  angle  of 
incidence.  For  the  sake  of  simplicity  the  second  way  of  expressing 
this  law  may  be  disregarded  as  the  first  will  cover  all  questions  relating 
to  the  second.  The  so-called  direct  rays  are  those  that  pass  from  the 
target  straight  to  the  lesion.  The  so-called  oblique  rays  strike  the 
skin  around  the  lesion  and  are  less  intense  for  the  simple  reason  that 
they  have  to  travel  a  greater  distance.  Fig.  90  shows  the  differ- 
ence in  the  length  of  the  direct  and  the  oblique  rays  falling  upon  a 
flat  surface  and  derived  from  minute  points  at  distances  of  6,  8, 10  and 
12  inches.  At  first  glance  it  would  seem  as  though  there  might  be  an 
enonnoiis  difference  in  intensity  at  the  periphery  when  comparing  the 
6  and  12-incJi  skin-focal  distances.  As  a  matter  of  fact  the  difference 
is  not  great.  With  an  8-inch  skin-focal  distance  the  loss  of  intensity 
at  ()  inches  from  the  center  of  a  flat  surface  is  ^.  With  a  skin-focal 
distance  of  12  inches  the  loss  is  between  g  and  |.  At  a  distance  of  32 
inches  the  loss  is  about  ^.  At  very  short  distances  the  difference  is 
greater. 

Treatment  of  Large  Lesions  on  Flat  Surfaces. — It  is  customary  to  place 
the  anode  over  the  center  of  a  large  lesion  and  allow  the  rays  to  spread 
over  the  entire  affected  area.  As  shown  in  the  j)receding  paragraph 
a  lesion  a  foot  square  will  receive  ^  less  intensity  at  the  periphery  than 
at  the  center,  with  the  usual  working  distance  of  8  Indies.  Individual 
lesions  seldom  have  a  diameter  of  more  than  0  inches  so  that  this  loss 
of  intensity  is  of  no  practical  importance  for  flat  surfaces  or  for  lesions 
that  are  easily  cured.  In  epithelioma,  however,  it  is  essential  that 
intensitv  be  fairly  uniform  over  the  entire  surface.     In  this  connection 
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it  might  be  well  to  state  that  oblique  rays  passing  through  a  tumor  of 
considerable  thickness  will  be  compelled  to  penetrate  more  tissue  than 
utII  the  direct  rays  so  that  in  adflition  to  loss  of  inteusity  by  distance 
there  is  also  a  loss  caused  by  additional  absorption. 

There  are  two  ways  in  which  intensity  can  be  fairly  equally  distrib- 
utetl  over  a  large  flat  surface.  First,  by  increasing  the  skin-focal 
distance  to  at  least  32  inches,  preferably  4  or  5  feet.     An  increase  in 


the  length  oftlieskin-focaldistancc  as  shown  liy  Kicnliock.  Holzkncclit, 
Schultz  and  others,  caust-s  greater  infensity  at  it  n'lvvu  depth  hrlow  tlic 
surface  (Chapter  JI).  A  long  skin-focal  ilistancr  is  advaiitjigoous. 
therefore,  in  the  treatment  of  large  lesions  ami  thiik  lesions.  The 
second  method  consists  of  dividing  the  lesion  into  two  or  ninre  areas; 
each  area  is  then  given  a  separate  treatment.  It  is  ne<-cssary  to  (it  the 
protecting  material  very  aeenrately  so  as  to  avoid  overla]»piiig  of 
exposures  or  to  leave  parts  of  a  lesion  unexposed.     It  is  cusfoniary  to 
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mark  out  the  areas  with  a  skin  pencil  and  allow  about  a  quarter  of  an 
inch  between  areas.  It  is  presumed  that  this  amount  of  tissue  will  be 
take  care  of  by  the  scattered  and  secondary  rays.  The  lead  foil,  or 
other  protecting  material,  should  be  firmly  fastened  to  the  skin  by 
adhesive  plaster  or  weights.  This  is  the  popular  method  in  both 
ar-ray  and  radium  treatment.  (For  treatment  of  large  lesions  on  flat 
surfaces  with  radium  see  Chapter  XII.) 

Treatment  of  Convex  and  Concave  Surfaces.— Irradiation  of  convex  and 
concave  lesions  of  fairly  large  dimensions  is  associated  with  considerable 
difficulty.  The  method  of  applying  radium,  in  the  shape  of  flexible 
applicators,  radium  packs,  etc.,  is  described  in  Chapter  XII.  In 
^-ray  work  a  slight  concavity  may  be  just  sufficient  to  overconoje  the 
loss  of  intensity  at  the  periphery.  Or,  the  surface  may  be  so  concave 
that  the  periphery  of  the  lesion  or  certain  normal  parts  may  be  actually 
closer  to  the  anode  than  is  the  center  of  the  lesion.  It  is  these  depressed 
and  crateriform  areas  that  stimulate  the  resourcefulness  of  the  tech- 
nician. As  examples  of  such  surfaces  may  be  mentioned  the  inner 
canthus  and  the  anal  region.  These  surfaces  can  be  flattened  out  to 
some  extent  by  pressure  or  by  spreading  the  tissues  apart.  If  this 
cannot  be  accomplished,  a  reasonable  equalization  of  intensity  can  be 
obtained  by  shielding  all  but  the  floor  of  the  concavity  and  applying 
from  i  to  ^  the  desired  dose,  the  amount  depending  upon  the  slope  of 
the  walls  of  the  concave  surface.  The  shield  is  then  removed  and 
the  exposure  continued  until  the  full  dose  has  been  administered.  The 
curved  lines  in  Fig.  90  indicate  the  degree  of  concavity  required  to 
equalize  intensity  over  a  surface  of  any  size. 

Convex  surfaces  are  troublesome  because,  with  the  anode  centered 
over  the  center  of  a  lesion,  the  distance  from  the  source  of  irradiation 
to  the  periphery  of  the  lesion  may  be  considerably  increased  as  com- 
pared with  a  flat  surface  of  the  same  size.  Indeed,  the  surface  may  be 
so  convex  that  the  periphery  of  the  lesion  may  receive  no  radiation  at 
all.  In  such  instances  it  may  be  necessary  to  make  multiple  exposures. 
Take,  for  instance,  a  lesion  occupying  the  anterior  and  lateral  surfaces 
of  the  forearm.  Three  exposures  are  required — one  for  the  anterior 
and  one  for  each  lateral  surface.  If  each  exposure  is  at  right  angles 
to  tlic  other  no  protection  is  required — the  rays  from  each  are  allowed 
to  overlap. 

Generalized  Roentgenization.— Not  infrequently  it  is  necessary  to 
apj)ly  the  .r-rays  to  practically  the  entire  body.  The  requisites  are 
first,  not  to  lower  the  lymphocytic  count;  second,  not  to  cause  too  rapid 
involution  of  lesions;  tliircl,  reasonably  uniform  distribution  of  intensity. 
Not  onlv  must  the  dose  he  small  but  onlv  a  small  section  of  the  body 
should  he  exposed  on  any  one  day.  It  is  customary  to  divide  the 
body  into  from  four  to  six  areas  and  to  apply  a  fractional  dose  to  one 
area  each  day.  No  section  of  the  body  is  treated  more  than  once  a 
week,     'ihe  body  surface  may  he  divided  somewhat  as  follows: 
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First—  Head  and  Face.— This  requires  five  exposures,  the  angles  of 
incidence  being  the  same  as  those  used  in  the  treatment  of  tinea 
tonsurans  (Chapter  XXI).  The  face  and  neck  are  not  shielded.  In 
fact,  in  generalized  roentgenization,  no  shield  other  than  the  regular 
tube  shield  is  used.  And,  incidentally,  the  diaphragm  of  the  tube 
shield  must  be  large,  or  the  tube  will  have  to  be  placed  at  a  considerable 
distance  from  the  skin.  It  is  to  be  understood  that  the  eyes,  eye- 
brows, ovaries  and  testes  are  suitably  protected  or  that  the  dose  is  to  be 
too  small  to  injure  these  parts.  These  details  are  discussed  in  other 
chapters. 

Second,— Chesty  Abdomen  and  Afiierior  Surfaces  of  the  Amis,  Fore^ 
arms  and  Hands.— Four  Exposures.— The  arms  are  held  in  contact 
with  the  trunk,  on  a  level  with  the  abdomen.  If  the  arms  are  long 
the  hands  will  not  be  included  in  this  section  and  will  receive  treatment 
when  the  thighs  are  exposed.  Exposures  are  made  over  each  side  of 
the  chest  with  the  anode  centered  between  the  nipples  and  the  anterior 
axillary  folds.  Similar  exposures  are  made  over  the  abdomen  with 
the  tube  8  or  9  inches  to  one  side  of  the  umbilicus. 

Third,  — Entire  back,  including  the  posterior  surfaces  of  the  arms  and 
forearms.    Four  exposures  are  required  as  in  the  last  section. 

Four.  —  Anterior  Surfaces  of  the  Thighs  and  Legs.— Six  exposures  are 
usually  required— two  for  the  anterior  and  posterior  surfaces  of  the 
thighs,  two  for  the  anterior  and  posterior  surfaces  of  the  knees  and  two 
for  the  anterior  and  posterior  surfaces  of  the  legs. 

Many  persons  will  not  be  able  to  tolerate  this  amount  of  treatment 
and,  furthermore,  it  may  be  necessary  to  treat  the  lateral  surfaces  of 
the  arms,  thighs,  legs  and  trunk  separately.  In  universal  eruptions 
it  is,  therefore,  preferable  to  divide  the  cutaneous  surface  into  six 
sections,  begin  with  subfractional  treatments,  make  frequent  blood 
counts  and  watch  for  constitutional  symptoms. 

Systemic  Reactions.— Various  types  of  systemic  reactions  are  en- 
countered subsequent  to  general  roentgenization,  or  following  fairly 
intensive  irradiation  of  small  areas.  Schamnann  observed  a  genera- 
lized, itchy,  papular  eruption  following  intensive  roentgenization  of  the 
spleen  in  a  case  of  splenic  leukemia.  Engle  reports  a  sharp  febrile 
reaction,  toxic  symptoms  and  death  subsequent  to  rather  intensive 
irradiation  in  a  case  of  splenomyelogenous  leukemia.  Fricke  had  a 
similar  case  in  which  there  was  a  generalized  cutaneous  eruption  of 
psoriatic  tjT>e.  Sterne,  Edwards,  Pancoast,  Allen,  and  Pusey,  call 
attention  to  systemic  reactions  of  a  toxic  nature  and  cutaneous  erup- 
tions associated  with  the  roentgen  treatment  of  cancer  and  leukemia. 
White  and  Burns,  Roman,  Allen,  Dock,  Haret,  Lyle,  Franklin,  and 
Linser,  have  reported  sxmptoms  of  toxemia,  including  cutaneous 
eruptions  during  the  treatment  of  generalized  and  localized  mycosis 
fungoides.  Gibson,  Nielson,  Kienbock,  and  Holzknecht,  have  seen 
scarlatiniform  eruptions  with  and  without  febrile  reaction,  follow 
roentgenization  of  various  diseases.    Holzknecht  has  noted  scarlatini- 
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form  eruptions  associated  with  a  local  radiodermatitis.  The  author 
1ms  seen  cutaneous  and  constitutional  reactions  of  a  toxic  nature  follow 
the  too  \dgorous  irradiation  of  mycosis  fungoides,  leukemia,  cancer 
and  psoriasis. 

Reactions  as  above  outlined  were  observed  more  frequently  in 
former  years  than  in  recent  years.  They  were  noted  at  a  time  in  the 
evolution  of  roentgen  therapy  when  technic  was  uncertain  and  when 
the  biological  action  of  .r-rays  and  radium  was  not  well  understood. 

The  cause  of  such  reactions  is  probably  a  destruction  of  cellular 
elements  with  the  absorption  of  foreign  proteins  or  biochemical  pro- 
ducts to  which  the  organism  reacts.  This  is  seen  in  the  too  intensive 
irradiation  of  pathological  tissue  that  is  readily  amenable  to  such 
treatment — mycosis  fungoides,  leukemia,  psoriasis,  certain  types  of 
cancer,  etc.  It  is  possible,  also,  that  too  vigorous  generalized  irradia- 
tion may  cause  a  systemic  reaction  by  the  destruction  of  lymphoid 
tissue. 

There  is  another  type  of  systemic  reaction  which  is  very  commonly 
encountered  subsequent  to  the  administration  of  heavy,  filtered  doses 
of  either  roentgen  rays  or  radium  rays.  The  reaction  occurs  A\ithin  a 
few  hours  after  the  treatment  and  may  last  from  a  day  to  a  week.  It 
consists  of  varying  degrees  of  anorexia,  nausea,  vomiting,  headache, 
chills,  fever  and  prostration.  Pfahler,  Becl&e,  Jones  and  Roth,  Lang 
and  others  have  studied  such  reactions  carefully  but  the  etiology  has 
not  been  definitely  determined  rior  is  there  any  certain  way  to  avoid 
them.  Pfahler  believes  that  the  reaction  is  due  to  gases  (ozone,  etc.) 
produced  by  the  effect  of  the  high-tension  electricity  on  the  air  or  in 
the  case  of  radium,  by  ionization,  and  inhaled  by  the  patient.  Lang 
is  of  the  opinion  that  the  effect  is  due  to  acidosis.  Jones  and  Roth 
call  attention  to  the  fact  that  the  reaction  in  question  occurs  sul)- 
sequent  only  to  irradiation  of  the  abdomen  and  lower  chest;  that  it  is 
not  observed  when  the  vagus  nerve  does  not  fall  in  the  field  of  treat- 
ment. These  authors  have  observed  different  types  of  reactions  when 
various  parts  of  the  Ixnly  have  been  irradiated  and  conclude  tliat  the 
reaction  is  due  to  the  direct  effect  of  the  radiation  on  human  tissue. 
When  the  region  of  the  salivary  glands  was  irradiated  they  found 
alterations  in  the  sjilivary  secretion,  taste  and  smell,  \yhen  the 
gastric  glands  and  vagus  nerve  were  irradiated  nausea  and  vomiting 
was  the  result.  Ewing  has  made  similar  observations.  Beclere  calls 
attention  to  tlie  fact  that  nausea  and  vomiting  may  follow  large 
amounts  of  radiation  ai)plied  to  the  cervical  and  axillary  regions,  to 
any  part  of  the  abdomen  (even  as  a  result  of  radium  in  the  vagina) 
and  to  the  chest.  Such  observations  are  in  accord  with  the  experience 
of  most  radiologists.  Beclerc's  conclusion  is  that  the  reaction  in 
question  is  caustnl  chiefly  by  the  adulteration  of  the  blotxl  with  toxic 
substances  resulting  from  the  disintegration  of  the  pathological  or 
normal  cellular  elements  dcstroved  bv  the  radiation.  Also  that  there 
might  be  a  direct  action  on  the  nerves. 
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Local  Medication.— Intensive  treatment  should  not  be  administered 
to  persons  who  have  been  applying  stimulating  or  irritating  applica- 
tions to  the  affected  part.  Fractional  treatment  is  permissible  but 
caution  is  advisable  (see  Chapters  XV  and  XVII). 

Cross-fire  Treatment.— It  is  often  difficult,  even  with  filtration  and 
increase  of  skin-focal  distance,  to  apply  a  sufficient  amount  of  radiation 
to  the  deeper  parts  of  a  thick  lesion  or  to  a  subcutaneous  tumor  without 
serious  injury  to  the  overlying  tissues.  Cross-firing  is  the  utilization 
of  two  or  more  ports  of  entry.  Through  each  port  is  passed  a  skin 
toleration  dose.  The  result  is  that  a  subcutaneous  tumor  receives 
the  radiation,  minus  decrease  of  intensity  by  absorption  and  distance, 
from  each  port,  but  no  one  portion  of  the  skin  receives  more  than  one 
exposure.  Assume  an  epithelioma  involving  the  skin  and  deep  tissues 
of  the  nose.  Cross-fire  treatment  would  consist  of  an  or-ray  treatment 
externally  and  a  radium  tube  placed  inside  of  the  nose.  A  sub- 
cutaneous tumor  of  the  thumb  might  be  cross-fired  from  four  angles — 
anterior,  lateral  and  posterior  surfaces.  Large  cutaneous  tumors 
that  are  considerably  elevated  may  be  cross-fired  by  dividing  the  mass 
into  several  squares.  Also  radium  needles  can  be  inserted  into  various 
parts  of  the  growth  (see  Chapters  XI  and  XII). 

Estimation  of  Intensity  Below  the  Surface.— There  is  as  yet  no  accurate 
means  of  estimating  intensity  in  the  deeper  tissues.  If  the  energy  is 
derived  from  a  small  area  such  as  the  focal  point  of  a  Coolidge  tube, 
intensity  will  vary  inversely  as  the  square  of  the  distance.  This  law 
is  not  strictly  applicable,  however,  where  the  source  of  supply  repre- 
sents a  surface  of  relatively  large  dimensions — flat  radium  applicator — 
or  where  the  energy  is  derived  from  a  source  that  has  depth — radium 
tube  containing  a  considerable  quantity  of  radium  salts.  In  addition 
to  loss  of  intensity  by  distance  there  is  the  loss  by  absorption.  Absorp- 
tion of  radiation  by  human  tissues  varies  with  the  density  and  the 
density  will  vary  with  the  physiological  and  pathological  conditions. 
Also  loss  of  intensity  by  absorption  varies  according  to  the  type  of 
radiation.  Roughly  speaking  heavily  screened  radium  will  lose  about 
3  per  cent,  of  its  energy  in  passing  through  1  cm.  of  soft  tissue  (Viol) ; 
the  loss  in  the  case  of  ar-rays  has  been  variously  estimated  at  from  6  to 
10  per  cent.  Inasmuch  as  loss  of  intensity  by  absorption  of  homo- 
geneous radiation  tends  to  follow  an  exponential  law,  the  loss  will  be 
progressively  less  with  each  additional  centimeter  of  tissue  of  like 
density.  When  attempting  to  estimate  intensity  at  a  given  depth  it 
must  not  be  forgotten  that  oblique  rays  travel  a  greater  distance  and 
through  more  tissue  than  does  the  direct  beam.  Finally,  when  the 
source  of  radiation  is  at  a  distance  the  oblique  rays  are  more  perpendicu- 
lar, therefore  there  is  a  greater  concentration  of  radiation  at  a  given 
depth  below  the  surface.  (For  further  details  relative  to  estimation  of 
dosage  below  the  surface  see  Chapters  XI  and  XII.) 

Filtration.— The  object  of  filtration,  the  technic  of  which  is  described 
in  Chapter  XI,  is  to  remove  the  rays  that  are  absorbed  by  the  super- 
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ficial  tissues.  By  suitable  filtration  the  x-ray  beam  is  made  more 
homogeneous  and  as,  with  such  radiation,  there  is  less  absorption  by 
superficial  tissue,  there  is  a  more  uniform  intensity  throughout  the 
deeper  tissues.  F'iltration  is  therefore  indicated  in  the  treatment  of 
subcutaneous  tumors  and  nodules  such  as  erjlhema  induratum, 
sarcoid,  certain  types  of  epithelioma  and  sarcoma,  tuberculous  adenitis, 
etc.  Also  diseases  in  which  the  pathological  tissue  is  of  considerable 
volume— keloid,  epithelioma,  etc. 

It  has  been  said  that  filtered  a;-rays  are  advantageous  in  all  but  the 
most  superficial  dermatoses  (Gunsett,  Regaud  and  Nogier,  and  others). 
Many  roentgenologists  aver  that  filtration  when  employed  in  diseases 
of  the  appendages — acne  vulgaris,  sycosis,  hypertrichosis,  hyperidrosis, 
etc. — will  effect  the  desired  result  with  less  injury  to  the  normal  skin 
than  is  the  case  with  unfiltered  rays.  The  theory  is  that  the  append- 
ages being  situated  fairly  deep  in  the  true  skin,  should  be  exposed  to 
radiation  from  which  has  been  removed  the  wave  lengths  that  will  be 
entirely  or  mostly  absorbed  by  the  epidermis  and  superficial  part  of  the 
derma.  With  spark-gap  lengths  ordinarily  used  in  practice  (6  to  9 
inches)  it  is  doubtful  if  there  are  many  wave  lengths  that  are  com- 
pletely stopped  by  the  epidermis  and  papillary  body.  Even  in  cases 
of  radiodermatitis  due  to  very  long  wave  lengths  (2-  or  3-inch  spark 
gap)  the  microscope  shows  the  true  skin  injured  to  its  full  depth,  the 
active  ulceration  of  the  more  superficial  tissue  being  largely  if  not 
entirely  due  to  vascular  changes  and  not  to  the  direct  action  of  the 
radiation  on  the  cellular  elements  of  the  epidermis.  Certainly  the 
ar-rays  from  a  roentgen  bulb  never  effect  the  exceedingly  superficial 
reactions  that  are  caused  by  the  secondary  radiations  from  lead  or  those 
produced  by  the  beta  rays  of  radium.  The  nearest  approach  to  such 
superficial  reactions  is  seen  when  an  x-ray  tube  is  placed  in  contact  with 
or  within  a  few  centimeters  of  the  skin. 

As  indicated  in  Chapters  II,  XI  and  XII  distance  is  an  important 
factor  when  it  is  desired  to  obtain  a  more  even  distribution  of  intensity 
throughout  several  centimeters  of  tissue.  Of  course  the  same  theory 
holds  true  for  a  few  millimeters  of  tissue  as  well  as  a  few  centimeters  of 
tissue.  With  the  glass  wall  of  the  tube  within  a  few  millimeters  of  the 
skin  there  will  be  more  absorption  of  radiation  by  the  first  few  layers  of 
tissue  than  when  the  tube  is  placed  at  the  usual  working  distance  of 
from  6  to  12  inches.  The  most  superficial  effects  that  can  be  produced 
by  roentgen  rays  are  obtained  by  using  a  short  gap  (2  or  3  inches)  and 
placing  the  wall  of  the  tube  within  an  inch  of  the  skin. 

It  cannot  be  denied  that  with  filtered  radiation  there  is  a  more  equal 
distribution  of  intensity  throughout  the  few  millimeters  of  tissue 
comprising  the  normal  denna  and  that,  theoretically  at  least,  such 
radiation  is  indicated  when  it  is  desired  to  influence  the  .appendages 
that  lie  in  the  middle  or  lower  part  of  the  true  skin. 

In  practical  work  it  is  possible  that  a  filter  is  preferable  in  all  but  the 
most  superficial  affections,  but  no  one  has  yet  proved  this  to  be  the 
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case.  Let  us  apply  the  theory  to  some  definite  affection — hyper- 
trichosis. In  this  condition  it  is  necessary  to  effect  a  permanent  loss 
of  hair.  To  do  this  requires  permanent  atrophy  of  the  hair  follicles. 
Naturally  one  prefers  to  accomplish  the  desired  result  without  visible 
injury  to  the  skin  as  a  whole.  At  first  thought  it  would  seem  advisable 
to  use  filtered  "hard'*  ray§  with  the  tube  at  a  distance  so  as  to  avoid  a 
relatively  high  absorption  of  radiation  by  the  epidermis  and  upper 
derma.  But  this  does  not  seem  to  give  much  if  any  better  results  in 
practice  than  do  unfiltered  rays  with  ordinary  spark  gap  lengths  (6  to 
9  inches).  The  explanation  is  probably  that  with  such  thin  tissue  the 
difference  in  absorption  for  the  first  few  layers  is  not  very  great  for 
unfiltered  and  filtered  radiation  when  the  roentgen  tube  is  at  a  distance 
of  at  least  6  inches  and  the  spark  gap  length  is  at  least  6  inches.  More 
important,  perhaps,  is  the  fact  that  no  matter  what  quality  of  radiation 
is  used,  the  follicles  must  be  destroyed.  And,  in  spite  of  the  fact  that 
the  hair  follicles  are  more  susceptible  than  is  the  surrounding  con- 
nective tissue  to  the  effect  of  radiation,  when  a  sufficient  amount  of 
any  quality  of  radiation  has  been  absorbed  by  the  follicles  to  effect 
their  permanent  destruction,  the  other  structures  are  likely  to  show 
degenerative  changes  that  will  lead  to  visible  wrinkling.  In  this  con- 
nection it  should  be  remembered  that  the  epilating-dose  for  unfiltered  ^ 
roentgen  rays,  as  estimated  radiometrically,  is  HI  S.  D.  Estimated 
in  the  same  manner  the  epilating  dose  for  filtered  radiation  is  H2  S.  D. 
Both  mil  produce  an  erythema  on  sensitive  skin.  It  must  be  admitted, 
though,  that  there  is  a  little  more  latitude  between  the  minimum  and 
maximum  epilating  and  skin  toleration  doses  in  the  case  of  filtered  rays 
than  in  the  case  of  unfiltered  rays. 

In  the  author's  experience  it  has  been  difficult  to  ascertain  the  real 
value  of  filtration  in  diseases  that  affect  onlv  a  few  millimeters  of 
tissue  because  the  results  have  appeared  to  be  the  same  with  both 
filtered  and  unfiltered  radiation.  It  is,  of  course,  quite  a  different 
proposition  when  we  are  dealing  with  pathological  tissue  of  considerable 
depth  or  with  subcutaneous  affections. 

Experiments  with  filtered  and  unfiltered  x-rays,  in  sjnimetrical 
superficial  eruptions  or  in  lesions  of  a  size  that  permits  of  one-half 
being  exposed  to  filtered  and  the  other  half  to  unfiltered  rays,  seem  to 
show  that  there  is  little  if  any  difference  in  efficacy  providing  the 
quantity  of  the  filtered  rays  (3  mm.  Al.)  is  always  double  (by  pastille 
estimation)  that  of  the  unfiltered  rays.  This  may  not  be  true  for  all 
superficial  diseases  but  very  little  difference  was  noted  in  such  affec- 
tions as  mycosis  fungoides,  acne,  psoriasis  and  eczema.  If  this  work 
can  be  corroborated  by  others  it  will  tend  to  indicate  that  quality  is 
much  less  important  than  quantity  in  superficial  therapeutic  work. 

Apparatus  such  as  the  "oil-immersed  generating  outfit"  described 
in  Chapter  III,  promises  to  replace  the  interrupterless  transformer  for 
some  kinds  of  roentgenological  work.  Unfiltered  radiation  is  not 
obtainable  with  this  apparatus.    As  a  stimulus  to  the  evolution  and 
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use  of  such  apparatus  it  is  the  wTiter's  opinion  that  filtered  a*-rays  are 
as  efficacious  in  cutaneous  diseases  as  are  unfiltered  ^-rays. 

What  has  been  said  of  the  or-rays,  relative  to  filtration,  can  be  applied 
to  radium  but  only  in  respect  to  the  gamma  rays.  The  beta  rays  are 
entirely  stopped  by  a  few  centimeters  of  human  tissue.  Furthermore, 
they  are  extremely  active  ionizers  and  exert  a  profound  influence 
upon  superficial  tissues.  When  applying  radium  for  deep  effects  it 
is  essential  that  the  beta  rays  be  entirely  eliminated.  This  can  be 
accomplished  by  filtering  or  screening  with  4  or  5  mm.  of  aluminium 
or  from  ^  to  J  mm.  of  lead.  Such  filtration  will  also  prevent  the 
passage  of  *'soft"  gamma  rays.  Two  or  three  millimeters  of  lead  or 
from  1  to  I5  mm.  of  platinum,  will  cut  out  all  but  the  most  penetrating 
gamma  rays,  thus  making  the  radiation  practically  homogeneous. 

Unfiltered  beta  rays  are  reduced  to  about  6  per  cent,  of  their  original 
intensity  after  passing  through  1  cm.  of  human  tissue  (Colwell  and 
Russ).  One-half  to  1  mm.  of  aluminium  will  eliminate  the  "soft" 
and  "medium''  beta  rays  and  the  very  "soft"  gamma  rays.  By  such 
screening  and  suflScient  exposure  it  is  possible  to  obtain  a  pronounced 
direct  beta  ray  effect  to  a  depth  of  from  2  to  4  cm.  Normal  skin  ranges 
in  thickness  from  1  mm.  to  perhaps  5  mm.  In  disease  this  thickness 
varies  from  J  to  4  cm.  It  is  obvious,  therefore,  that  the  thickness  of 
'  tissue  is  of  considerable  importance  where  beta  rays  are  employed. 
It  would  seem  advisable  when  employing  radium,  to  always  use  at 
least  a  very  thin  screen— from  ^  to  ^  mm.  aluminium— even  for  the 
treatment  of  superficial  conditions. 

Treatment  of  Thick  Lesions  and  Deep-Seated  Lesions.— For  detailed 
infonnation  relative  to  the  treatment  of  thick  and  deep-seated  lesions 
the  reader  is  referred  to  the  preceding  paragraphs  of  this  chapter- 
also  to  the  chapters  on  General  Physics,  Radium  Technic  and  Filtered 
A'-ray  Technic.  It  is  obvious  that  there  are  several  ways  in  which 
intensity  can  be  increased  in  the  deeper  tissues  without  subjecting  the 
superficial  tissues  to  increased  radiation— filtration,  cross-fire,  increase 
of  distance  and  dehematization.  The  last  is  described  in  Chapter 
XVIII. 

Distance.— The  operator  should  take  note  of  the  important  fact  that 
errors  in  dosage  resulting  from  errors  made  in  measuring  distance  are 
far  more  serious  for  small  distances  than  for  great  distances.  For 
example,  if  the  dose  .at  0  inches  i3  taken  as  a  unit  and  the  operator  makes 
an  error  of  1  inch  in  the  distance,  making  it  5  inches  instead  of  ()  inches, 
then  the  dose  received  at  5  inches  is  actually  f  f  of  that  at  i\  inches  or, 
since  hitensity  at  0  inches  is  taken  as  a  unit,  it  is  1.44  units.  That  is, 
the  dose  is  increased  by  44  per  cent,  due  to  the  error  of  one  inch.  Now 
suppose  a  certain  dose  at  12  inches  is  taken  as  a  unit  and  the  operator 
makes  the  distance  11  inches  instead  of  12  inches,  the  actual  dose  will 
also  be  increased  hut  in  the  ratio  of  yVr  ^^  ^  -^^  ^^  compared  to  that  at 
6  inches.  That  is,  the  dose  will  be  19  per  cent,  too  great.  It  is  thus 
seen  that  the  same  error  in  distance— one  inch  in  each  case— makes 
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an  error  in  dosage  of  44  per  cent,  at  (>  inches  and  only  19  per  cent,  at 
12  inches. 

Quality  and  Quantity.— It  has  been  the  opinion  of  most  roentgen- 
ologists and  it  is  still  the  opinion  of  many  that  there  is  a  pronomiced 
difference  in  the  biological  and  therapeutical  value  of  x-rays  of  varj'ing 
degrees  of  penetrability  ("hardness*').  It  certainly  appears  to  be  the 
consensus  of  opinion  that  **soft"  rays  are  especially  indicated  in  the 
treatment  of  superficial  diseases.  Schultz  even  endeavors  to  select 
a  quality  that  will  be  absorbed  most  readily  by  tissue  of  a  certain 
specific  gravity— hence  his  advocacy  of  **very  soft''  and  "over  soft" 
radiation.  The  author  has  not  been  able  to  confirm  these  findings 
and  opinions.  T,he  effect,  as  evidenced  by  cutaneous  reactions,  is 
always  the  same  iif  the  dose  is  the  same,  regardless  of  quality  (Chapter 
IX).  That  is  to  say,  the  degree  of  reaction  as  the  result  of  the  adminis- 
tration of  HI  J  S.  I).,  unfiltered,  is  the  same  regardless  of  the  length  of 
the  spark  gap.  This  is  true  for  a  spark-gap  range  from  9  down  to  3 
inches.    One  and  two-inch  spark-gap  lengths  have  not  yet  been  tried. 

Experiments  with  a'-rays  of  varying  quality  in  the  treatment  of  s>Tn- 
metrical  cutaneous  eruptions  so  far  seem  to  indicate  that  the  thera- 
peutical result  is  much  the  same  regardless  of  the  penetration  (wave 
length)  providing  the  dose  is  the  same.  In  other  words,  the  thera- 
peutical effect  in  superficial  conditions  seems  to  depend  more  upon 
quantity  than  upon  quality.  Additional  experimentation  and  corrobo- 
ration are  necessary,  however,  before  this  opinion  can  be  accepted. 

It  is  curious  how  little  difference  there  seems  to  be  in  the  biological 
and  therapeutical  action  of  electromagnetic  vibrations  of  various  wave 
lengths  so  long  as  the  wave  lengths  are  within  the  range  as  represented 
by  "soft"  a'-rays  and  "hard"  gamma  rays  from  radium.  The  effect 
seems  to  be  due  to  absorption,  i.  e.,  quantity  instead  of  quality.  -  It  is 
true  that  short  wave  lengths  are  less  readily  absorbed  than  are  long 
wave  lengths,  but  they  are  absorbed  and  when  quantity  is  sufficient 
the  effect  seems  to  be  the  same  regardless  of  quality.  We  are  discussing 
surface  effects,  not  the  effect  at  any  given  depth.  The  various  wave 
lengths  comprising  the  ultraviolet  rays  and  visible  light  exert  different 
actions  on  organic  life  but  with  the  very  short  wave  lengths,  as  repre- 
sented by  j-rays  and  gamma  rays,  the  various  wave  lengths  appear  to 
differ  only  in  their  ability  to  penetrate  matter. 

These  opinions  are  based  largely  on  clinical  observation  and  practical 
methods  of  estimating  quality  and  quantity,  both  of  which  are  inac- 
curate. After  the  pure  scientists  have  had  sufficient  time  to  study 
the  physical,  biological  and  therapeutical  action  of  ar-rays  and  gamma 
rays  of  various  wave  lengths  it  is  possible  that  present  opinions  will 
undergo  considerable  change. 

It  is  important  for  the  beginner  to  realize  that  radiodermatitis  of  all 
degrees  can  be  produced  by  any  type  of  radiation  used  in  practice.  In 
the  case  of  filtered  radiation,  for  reasons  already  explained,  the  quantity 
necessary  to  evoke  cutaneous  inflammation  is  much  greater  than  is  the 
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case  with  unfiltered  radiation,  but  if  quantity  is  sufficient  the  superficial 
effect  will  be  much  the  same.  It  is  a  well-known  fact  that  the  pioneer 
roentgen  operators  developed  ar-ray  sequelae  on  the  unprotected  skin 
of  the  face  and  especially  the  hands.  It  is  the  general  opinion  that 
sequel'ie  never  developed  on  the  parts  of  the  body  protected  by  the 
clothing.  Several  years  ago  the  writer  had  the  opportunity  of  examin- 
ing the  bodies  of  several  of  these  unfortunate  martyrs  to  science.  In 
instances  where  the  individual  had  been  sufficiently  exposed  not  only 
were  the  sequelte  noted  on  the  exposed  parts  but  they  were  present, 
also,  on  various  parts  of  the  body  that  were  always  covered  with 
clothing. 

Effect  of  RadiatioDB  on  LesioDB  at  a  Distance.— It  occasionally  happens 
that  when  treating  one  or  a  few  lesions  of  an  eruption,  other  unexposed 
lesions  will  undergo  involution.  Sibley,  Fox  and  others  aver  that  this 
is  a  common  phenomenon.  The  author  has  not  found  this  to  be  so. 
Occasionally  one  sees  several  common  warts  disappear  as  the  result, 
apparently,  of  the  irradiation  of  one  lesion.  This  also  happens 
occasionally  in  the  treatment  of  other  diseases  such  as  psoriasis,  lichen 
planus,  acne  vulgaris,  mycosis  fungoides  and  even  multiple  basal-cell 
epitheliomata.  The  same  phenomenon  has  been  noted  when  other 
forms  of  treatment  have  been  employed.  In  this  connection  it  must 
be  admitted  that  all  these  affections,  especially  psoriasis,  lichen  planus 
and  mycosis  fungoides,  occasionally  undergo  rapid  spontaneous 
involution.  At  times  all  the  lesions  disappear,  sometimes  rapidly,  at 
other  times  slowly.  Again,  certain  lesions  will  disappear  leaving  the 
remainder  of  the  eruption  unaltered.  The  author  has  on  many 
occasions  irradiated  one  or  a  few  lesions  of  a  generalized  eruption  and 
very  rarely  was  any  influence  observed  on  the  remainder  of  the  eruption. 
From  the  e\ddence  at  hand  it  must  be  conceded  that  the  involution  of  a 
more  or  less  generalized  eruption  as  a  result  of  the  irradiation  of  one  or 
two  lesions  is  at  least  uncommon. 

Radium  Versus  Roentgen  Rajrs.— There  appears  to  be  little  if  any 
difference  between  the  biological  and  therapeutical  action  of  a:-rays  and 
gamma  rays  of  radium.  They  seem  to  be  equally  efficacious,  regardless 
of  the  disease,  providing  conditions  are  as  suitable  for  the  one  as  for 
the  other.  Gamma  ravs  can  be  used  in  locations  that  are  inaccessible 
to  a:-rays— mouth,  nose,  vagina  and  external  auditory  canal.  Radium 
can  be  placed  in  needles  which  in  turn  are  inserted  into  a  tumor.  Small, 
suitably  screened  radium  applicators  can  be  placed  all  over  and  around 
and  even  into  a  large  superficial  growth.  And  in  many  other  ways 
radium  can  be  so  manipulated  as  to  obtain  a  Ix^tter  result  than  could 
be  had  with  the  j*-rays;  especially  is  this  true  in  institutions  where 
emanation  is  used.  On  the  other  hand  the  .r-rays  are  more  suitable 
and  more  efficient  in  generalized  dennatoses,  or  for  the  treatment  of 
diseases  that  cover  large  areas.  For  various  practical  reasons  radium 
is  more  suitable  in  one  case  while  j-rays  will  be  found  more  suitable  in 
another.    Time  consumption  is  an  important  factor.     Any  practical 
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amount  of  filtered  ar-rays  can  be  given  in  a  few  minutes  if  so  desired. 
The  time  of  exposure  for  gamma  rays  will  depend  upon  the  amount  of 
radium  in  the  applicator — it  is  likely  to  be  hours.  Expense  is  another 
item.  The  dermatologist  can  get  along  with  from  two  to  ten  thousand 
dollars  worth  of  radium  providing  that  he  also  has  an  a:-ray  equipment. 

There  is  some  difference  between  the  results  ojjtained  \idth  the  beta 
rays  as  compared  with  ar-rays  and  gamma  rays.  (Superficial  cancer  will 
disappear  at  times  under  the  influence  of  beta  radiation  after  failure 
with  x-rays.^  The  elevated  type  of  nevus  vasculosus  disappears  in  a 
most  astonishing  manner  following  applications  of  beta  rays  of  radium. 
The  author  has  never  seen  such  rapid  involution  in  angioma  subsequent 
to  roentgenization.  Beta  rays  also  appear  more  efficacious  in  cavern- 
ous nevi  and  leukoplakia.  They  are  certainly  preferable  in  the  treat- 
ment of  keratoses  subsequent  to  radiodermatitis  and  perhaps,  too,  in 
the  various  types  of  senile  keratosis.  There  is  some  doubt  about 
lupus  erjlhematosus — beta  rays  are  probably  more  efficacious.  In 
all  other  diseases  the  effect  of  the  two  agents  seems  to  be  very  much 
the  same. 

Gamma  rays  are  more  penetrating,  i.  e,,  less  readily  absorbed  than 
are  a;-rays,  therefore  they  possess  an  advantage  in  the  treatment  of 
very  deep  lesions. 

Radiologist  and  Dermatologist.— Dermatologists  have  not  been 
sufficiently  progressive.  Ten  or  twelve  years  ago  nearly  every  derma- 
tologist possessed  an  ar-ray  equipment,  although  few  of  them  knew 
much  about  the  subject  of  roentgenology.  They  failed  to  keep  pace 
with  a  young,  vigorous,  progressing  science  and  finally  discovered  that 
roentgenology  had  evolved  into  a  highly  specialized  and  complex 
subject.  Furthermore,  even  the  a'-ray  treatment  of  the  diseases  of 
their  own  specialty  had  been  transferred  to  the  pure  roentgenologist, 
men  who  were  ar-ray  experts  but  who  had  little  if  any  knowledge  of 
dermatology.  Between  the  technical  errors  of  the  dermatologist  and 
the  diagnostic  errors  of  the  roentgenologist  the  evolution  of  superficial 
roentgenology  suffered  considerable  retardation.  P^ven  today  the 
subject  is  neglected  by  a  large  proportion  of  dermatologists  of  this 
country:  There  are  very  few  medical  colleges  that  give  the  student  a 
reasonable  conception  of  the  advantages  and  limitations  of  dermato- 
roentgenology.  Dermatologists  have  simply  been  too  lethargic,  too 
indifferent  and  too  mercenary  to  become  and  to  remain  modernized 
in  this  rapidly  changing  and  ever  progressing  field. 

It  is  difficult  to  resist  the  temptation  of  reminding  dermatologists 
that  they  are  losing  control  of  sjT^hilology  for  the  same  reasons.  If 
this  retrogression  continues  dermatology  will  indeed  become  a  minor 
specialty.  It  is  time  for  dermatologists,  especially  the  younger  prac- 
titioners, to  develop  more  energy  and  efficiency.  Many  young  men 
enter  the  field  of  clinical  dermatologj'  because  it  offers  a  path  of  slight 
resistance  and  an  easy  although  not  always  a  lucrative  field.  Derma- 
tology, if  it  includes  histopathology,  syphilology  and  radiology,  is  a 
difficult  specialty  to  master  and  one  that  is  worthy  of  great  mindls. 
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PI  very  dennatologist  should  be  well  acquainted  with  the  possibilities 
and  limitations  of  roentgen  therapy  and  radium  therapy.  He  should 
recognize  reactions  and  sequelae  and  understand  the  reason  for  them 
and  how  they  may  be  avoided.  He  should  understand  the  biological 
action  of  the  radiations,  and  he  should  know  which  diseases  respond 
readily  to  small  doses  and  which  require  strong  applications.  Other- 
wise how  can  lie  work  in  collaboration  A\ith  the  roentgenologist?  Most 
roentgenologists  know  very  little  about  dermatology  and  they  are,  as 
a  rule,  very  grateful  for  help  and  advice.  The  ideal,  however,  is  for  the 
dermatologist  to  be  his  own  radiologist.  The  fundamentals  of  modem 
teclinic  can  be  acquired  in  a  short  time  but  one  must  not  stop  here. 
Every  person  who  prescribes  a:-rays,  or  radium  for  use  on  the  human 
organism  should  endeavor  to  learn  all  there  is  to  know  relative  to  these 
agents  and  the  study  will  include  history,  physics,  electricity,  biology, 
technic,  etc. 

Equipment.— Equipment  will  depend,  naturally,  upon  the  t>7)e  of 
work  to  be  done.  A  few  specialists  and  some  institutions  possess  a 
modern  x-ray  equipment  for  both  light  and  heavy  work  and  a  gram  or 
more  of  radium  from  which  is  obtained  the  emanation  used  for  treat- 
ment. Most  physicians  find  it  necessary  to  begin  in  a  modest  manner 
and  as  a  rule  they  are  unable  to  purchase  both  ar-ray  apparatus  and 
radium  applicators.  If  it  is  necessary  to  choose  between  the  two 
agents,  x-rays  should  be  the  selection.  A  2  K.  W.  interrupterless 
transformer,  a  (^oolidge  tube  and  the  various  essentials,  such  as  tube- 
stand,  table,  etc.,  will  answer  most  requirements.  The  cost  of  such  an 
outfit  varies  considerably  and  depends  largely  upon  industrial  condi- 
tions. The  cost  has  been  as  low  as  $700  and  as  high  as  $1500.  The 
above  equipment  will  give  perfectly  satisfactory  results  in  deep  therapy 
but  if  one  is  contemplating  doing  much  hea\ily  filtered  w^ork  a  10  K. 
W.  transformer  and  two  or  more  Coolidge  tubes  are  advisable  (see 
cliapter  on  A'-ray  Apparatus). 

Radium  should  be  acquired  as  soon  as  possible.  For  cutaneous 
diseases  good  results  can  be  obtained  with  one  full  strength  flat  applica- 
tor about  the  size  of  a  postage  stamp.  It  is  preferable,  however,  to 
have  three  or  four  applicators  of  various  sizes  and  shapes  (see  chapter 
on  Radium  Technic). 
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CHAPTER  XX. 

DISEASES  DUE  WHOLLY  OH  PARTLY  TO  PYOGENK^ 

ORGANISMS.^ 

The  diseases  in  this  group  that  are  treated  more  or  less  successfully 
with  ar-rays  and  radium  are: 

1.  Aene  Vulgaris.  6.  Funinculus. 

2.  Hosacea.  7.  (!*arbunculus. 

3.  Hhinophyma.  8.  Paronychia. 

4.  Acne  Varioliformis.  9.  Miscellaneous. 

5.  Sycosis  Vulgaris. 

ACNE  VULGARIS. 

Most  (lennatologists  and  roentgenologists  agree  that  ar-rays  con- 
stitute a  specific  for  acne  vulgaris.  ^^Tiile  ar-rays  will  permanently 
cure  the  majority  of  cases  of  this  affection  the  use  of  the  word  specific 
is  not  advisable. 

There  are  a  number  of  clinical  varieties  of  acne  vulgaris  and  a 
knowledge  of  the  effect  of  roentgenization  on  the  various  clinical  types 
of  the  flisease  is  necessar\'  in  order  to  properiy  select  patients  for 
treatment  with  roentgen  rays. 

Clinical  Tjrpes.— All  types  of  acne  vulgaris  have  certain  features  in 
common.  Tlie  disease  is  most  commonly  encountered  at  or  alx)ut  the 
age  of  puberty.  It  is  very  common  in  adolescents;  it  is  less  CH>inmon, 
but  not  uncommon  in  adults.  The  site  of  predilection  is  the  face. 
It  very  frequently  attacks  the  back,  the  back  and  sides  of  the  neck,  the 
clicst,  shoulders  and  anns.  The  lesions  consist  of  comedones,  papules, 
pustules  and  ikkIuIcs. 

Tfy/z/^Y/o.  -Comedo  constitutes  a  clinical  type  of  acne  vulgaris  in 
which  the  lesions  consist  of  blackheads  with  perhaps  a  few  papules 
and  i)ustulcs.  The  skin  is  likely  to  be  excessively  oily  (selxirrhea 
oleosa).    This  type  is  amenable  to  irradiation. 

A  rue  /\//>///o.vr/.  — Papular  acne,  like  comedo,  is  supposed  to  be  due  to 
a  low  ^raclc  iiiHanimatory  reaction  to  the  acne  bacillus.  It  consists 
of  conicdoncs  and  i)apnlcs  situated  at  the  follicular  orifices.  There 
is  usually  considerable  oily  seborrhea.  This  type  responds  well  to 
roentgeni/ation. 

.  [cnr  Pustulifsa.-lu  this  type  of  acne  vulgaris  there  Is  a  rather  acute 
reaction  to  the  staphylococcus  and  acne  bacillus  with  the  formation 

>  For  rxpliination  of  terms  used  in  this  chuptcr  to  express  dosage  see  Chapters  X 
uiid  XIX. 
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of  numerous,  small  follicular  pustules.     Acne  pustulosa  is  seen  more 
commonly  in  young  fetiuiles  with  a  fine  texturerl,  <!elicate  ami  highly 


colored  skin,  Tiiis  type  will  not  tolerate  as  much  irradiation  as  will 
the  more  chronic  forms  of  the  affection  and  the  results  are  not  likely 
to  be  as  rapid. 
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Acne  Erythematosa.— ¥.Tythem8Ltous  acne  is  seen  mostly  in  females 
who  have  gastro-intestinal  or  menstrual  disturbances.  It  consists  of 
comedones  and  superficial  pustules  and  more  or  less  erythema  of  the 
entire  face  and  at  times  the  back  and  chest.  This  type  is  likely  to  be 
associated  with  marked  remissions  and  exacerbations.  X-rays  are 
not  well  tolerated  and  should  be  applied  cautiously. 

Acne  Indurata.— In  this  type  the  disease  is  usually  of  long  standing; 
the  pustules  are  large  and  deep  seated,  frequently  indolent  and  cystic. 
The  skin  is  likely  to  be  sallow  and  excessively  oily.  Disfiguring  scars 
are  present.  The  skin  in  this  type  will  support  relatively  large  doses 
and  the  promptness  and  permanency  of  the  splendid  results  constitute 
one  of  the  most  striking  achievements  of  roentgen  therapy. 

Advantages  of  Roentgen  Treatment.— While  it  is  true  that  the  ar-rays 
are  the  most  important  and  most  efficacious  therapeutic  agent  we  have 
for  the  management  of  acne  vulgaris,  yet  this  method  of  treatment 
has  been  and  is  being  abused.  The  abuse  lies  in  the  lack  of  proper 
care  in  the  selection  of  cases,  the  administration  of  excessive  dosage, 
and  the  failure  to  recognize  and  overcome  the  internal  etiological 
factors. 

It  is  neither  necessary  nor  advisable  to  treat  every  case  of  acne 
vulgaris  with  the  o'-rays.  The  proper  application  of  various  internal 
and  external  remedies  together  with  hygiene  w  ill  suffice  to  cure  a  great 
many  if  not  the  majority  of  cases.  While  such  treatment  will  cure  a 
small  percentage  of  cases  in  from  three  to  six  months,  it  usually  requires 
from  eight  months  to  two  years.  It  is  difficult  to  obtain  the  complete 
cooperation  of  the  patient  in  carrjdng  out  the  campaign  of  home  treat- 
ment. Details  are  neglected.  Applications  of  sufficient  strength  to 
accomplish  any  good  are  avoided.  If  improvement  does  not  occur 
quickly  the  patient  is  apt  to  becH)me  discouraged  and  to  neglect  the 
treatment,  or  other  physicians  are  consulted. 

The  o'-rays,  if  properly  applied  and  combined  with  other  means  of 
combating  the  disease,  offer  a  treatment  that  is  associated  with  safety 
and  prompt  and  permanent  cure.  It  is  possible  to  cure  a  case  of  acne 
vulgaris  in  one  or  two  treatments  by  giving  at  one  sitting  a  quantity 
sufficient  to  effect  an  erythema.  Such  treatment,  however,  cannot  be 
too  severely  criticized  and  condemned.  Fractional  treatment  applied 
in  a  manner  that  is  absolutely  safe,  will  cfVect  a  permanent  cure  with  a 
high  degree  of  certainty  in  three  or  four  months,  providing  that  the 
patient  receives  proper  medical  advice  and  treatment.  Roentgen 
treatment  obviates  the  necessity 'of  using  local  remedies  that  are 
temporarily  disfiguring  and  troublesome.  Wliile  such  treatment 
necessitates  more  frequent  visits  and  a  little  additional  expense,  the 
certainty  of  a  speedy  and  permanent  cure,  together  with  the  absence 
of  unpleasant  local  remedies,  is  ample  reason  in  the  minds  of  the  patient 
and  physician  for  the  institution  of  roentgen  therapy. 

The  x-rays  produce  a  cure  as  a  rule  in  from  one-(iuarter  to  one-half 
the  time  required  for  well-applied  dermatological   treatment.     The 
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percentage  of  cures  with  j:-ray»  is  much  higher  than  with  any  other  form 
of  treatment,  It  is  very  close  to  98  or  99  per  ceut.  Furthennore,  the 
percentage  of  relapses  are  small;  if  proper  precautions  are  taken  they 

will  nut  be  greater  than  o  or  (\  per  cent. 


Indications  for  Roentgen  Treatment.— The  principal  reasons  for  insti- 
tuting roentgen  treatment  in  acne  vulgaris  are  to  obtain  a  speedy 
and  pennaneiit  cure  aral  to  avoid  the  use  of  unpleasant  local  applica- 
tions. In  this  connection  there  is  another  important  point.  In  types 
of  acne  vulgaris  such  as  acne  indurata,  where  the  disease  is  racalci- 
trant  to  dermatological  treatment,  and  which  consists  of  deep-seated, 
destructive  lesions,  every  additional  week  of  the  disease  means  a  few 
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more  scars.  Unless  such  cases  are  cured  promptly  the  scarring  is 
exceedingly  disfiguring.  If,  therefore,  a  case  of  acne  vulgaris  does  not 
improve  with  reasonable  promptness  under  dermatological  remedies, 
and  especially  if  the  lesions  are  causing  scars,  the  immediate  institution 
of  roentgen  therapy  is  indicated.  Even  in  the  absence  of  scarring  it  is 
not  proper  to  allow  the  disease  to  continue  for  many  months  because 
in  such  instance^  the  skin  is  likely  to  be  coarse  and  oily.  Therefore  it 
may  be  said  that  if  acne  vulgaris  does  not  steadily  improve  under  the 
influence  of  dermatological  treatment  a:-rays  are  indicated. 

The  practitioner  might  well  ask,  if  a:-rays  as  used  in  acne  vulgaris 
constitutes  a  safe  and  certain  method  of  treatment,  why  not  apply 
such  treatment  in  every  case?  The  answer  is  that  the  dermatologist, 
who  happens  to  be  an  expert  roentgenologist,  does  employ  the  a*-rays 
in  the  majority  of  his  cases  of  acne  vulgaris.  It  will  not  do,  however, 
to  establish  a  precedent  of  this  kind  because,  first,  it  is  possible  for  the 
expert  dermatologist  to  cure  the  disease  without  the  aid  of  the  x-rays 
and,  second,  because  in  some  hands  the  ^--rays  do  not  constitute  a 
perfectly  safe  method  of  treatment. 

Not  only  must  one  know  when  to  use  the  a'-rays  but  he  must  know 
how  to  use  them.  The  treatment  may  be  employed  to  advantage  in 
all  the  chronic  types  but  it  should  be  delayed  in  the  acute  types  until 
the  acute  s^nrnptoms  have  subsided.  Furthermore,  one  must  know 
when  to  discontinue  the  treatment.  To  completely  cure  the  disease, 
I.  e,,  to  prevent  the  appearance  of  even  an  occasional  lesion,  might  in 
many  instances  require  irradiation  to  the  point  of  injury  to  the  skin. 
Such  treatment  is  unnecessarv  and  inadvisable. 

Menstrual  acne,  where  there  is  an  outbreak  of  lesions  at  about  the 
time  of  the  menstrual  period  and  very  few  lesions  between  the  periods, 
can  be  cured  bv  means  of  o'-rav  treatment  it  is  true,  but  such  cases  are 
recalcitrant  and  if  one  persists  in  depending  largely  or  wholly  on  the 
a'-rays  the  skin  may  be  visibly  injured. 

\  ery  mild  cases  of  acne,  patients  who  always  have  a  very  few 
comedones  and  an  occasional  pustule,  are  more  stubborn,  as  a  rule, 
than  are  the  more  severe  examples  of  the  disease.  ^Y-rays  must  be 
employed  cautiously  in  such  cases  and  if  the  disease  is  not  arrested  in 
three  or  four  months  it  is  advisable  to  depend  upon  some  other  form  of 
treatment. 

The  so-called  seborrheic  acne  is  a  troublesome  type.  The  eruption 
consists  of  very  few  comedones,  an  occasional  pustule,  numerous 
mxlules  and  excessive  oiliness.  Here,  too,  the  tendency  is  to  depend 
too  much  on  a--ray  treatment  and  persist  too  long  in  its  use. 

After  acne  vulgaris  has  disappeared  there  may  still  be  some  oily 
seborrhea,  a  very  few  comedones  and  a  coarse  skin  due  to  large  follicu- 
lar orifices.  It  is  preferable  that  some  treatment  other  than  .r-rays  be 
applied  to  improve  or  cure  such  conditions. 

It  is  important  to  realize  that  the  .i-rays  alone  should  not  be  depended 
upon  for  a  cure  excepting  in  a  few  cases.  The  main  treatment  is 
constitutional,  the  .r-rays  simply  being  one  of  the  local  remedies. 
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Supporting  Treatment.— As  we  have  seen  it  is  possible  to  cure  acne 
vulgaris  with  the  a:-rays  without  any  other  treatment.  But  such  a 
procedure  is  not  advisable.  The  object  should  be  to  effect  a  prompt, 
complete  and  permanent  cure  with  as  little  a;-ray  treatment  as  is 
possible.  This  can  be  accomplished  only  by  searching  for  and  over- 
coming the  cause,  and  the  etiological  factors  vary  in  different  cases. 
They  are  both  local  and  constitutional.  It  mav  seem  the  intention  of 
the  author  to  present  acne  vulgaris  entirely  from  a  dermatological 
standpoint.  It  is  not  within  the  scope  of  this  book  to  teach  dermatol- 
ogy, but  it  is  of  the  utmost  importance  that  the  reader  appreciate 
that  in  order  to  obtain  the  desired  result  in  this  disease  with  the  j'-rays, 
and  to  effect  this  result  without  injury,  one  must  possess  and  use  a 
broad  knowledge  of  its  cause  and  management. 

Systemic  Treatment.— In  every  case  of  acne  vulgaris,  in  addition  to 
a'-ray  treatment  and  regardless  of  the  cause,  there  are  rather  definite 
routine  rules  to  follow. 

From  the  diet  should  be  eliminated  candy,  pastry,  soda  water,  ice- 
cream, chocolate,  rich  foods,  fried  food,  cocoa,  gravy.  If  there  is  a 
tendency  toward  rosacea  or  if  the  acne  is  of  the  inflammatory  type, 
the  list  should  include  tea,  coffee,  alcohol  and  spices.  This  is  simply  a 
routine  diet.    In  many  instances  other  foods  must  be  eliminated. 

The  bowels  must  move  freely  at  least  once  a  day.  If  there  is  indiges- 
tion or  intestinal  troubles  the  alimentary  canal  must  be  attacked. 

Focal  infections  should  be  sought  for  and  corrected. 

Masturbation  and  sexual  excess  must  be  avoided.  The  menstrual 
function  and  genito-urinary  tract  should  receive  attention. 

Stock  and  autogeneous  vaccines  may  be  of  service  in  acne  pustulosa 
and  acne  indurata  if  properly  employed.  If  the  dose  is  too  large  or  if 
the  injections  are  given  too  frequently,  vaccines  may  do  more  harm 
than  good. 

Local  Treatment.— It  is  not  advisable  to  employ  stimulating  remedies 
such  as  sulphur  and  mercury  ointments,  lotio  alba,  resorcin  lotions, 
etc.,  in  conjunction  with  a'-ray  treatment.  A  10  per  cent,  ointment 
of  zinc  oxide  may  be  used  with  advantage.  The  affected  parts  should 
be  washed  daily  with  soap  and  water.  It  is  permissible  to  use  a  strong 
soap  such  as  tar  soap.  It  is  advisable  to  remove  the  more  conspicuous 
comedones  and  evacuate  the  larger  pustules  at  each  visit.  If  efforts 
in  this  direction  are  too  strenuous,  however,  the  disease  may  get  worse. 

It  is  well  to  pay  attention  to  the  scalp,  especially  in  the  seborrheic 
type  of  the  disease.  If  the  scalp  shows  evidence  of  pityriasis  simplex, 
pityriasis  steatodes  or  seborrhea  oleosa,  it  should  receive  proper 
treatment. 

Ultraviolet  rays  and  excessive  exposure  to  sunlight  are  not  advisable 
while  the  patient  is  receiving  a--ray  treatment. 

Relapses.— In  spite  of  every  precaution  relapses  will  occur.  The 
percentage  varies  among  different  roentgenologists  but  it  should  not  be 
greater  than  5  per  cent.    As  a  rule  a  relapse  denotes  some  important 
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internal  factor  has  not  received  proper  attention— masturbation, 
intestinal  auto-intoxication,  faulty  diet,  etc.  A  relapse  may  occur 
within  a  few  months  or  not  for  a  year  or  two.  As  a  rule  they  are  very 
mild  but  occasionally  the  relapse  may  be  much  worse  than  the  original 
attack.  Ordinarily  the  second  attack  will  respond  promptly  to  another 
course  of  treatment  but  cases  are  met  with  where  the  relapse  will  not 
yield  to  roentgenization.  In  such  instances  it  is  very  unwise  to  persist 
in  the  use  of  the  o'-rays. 

The  author  had  two  patients  of  unusual  interest.  They  were  both 
young  girls  apparently  in  good  general  health.  One  patient  had  a 
very  severe  acne  indurata  of  the  face,  chest,  arms,  neck  and  back.  The 
disease  was  clinically  cured  in  four  months.  Six  months  later  the 
patient  returned  with  the  most  violent  acne  the  author  has  ever  seen. 
The  face  was  a  solid  mass  of  confluent  pustules — a  pyoderma.  The 
patient  at  this  time  was  anemic  and  had  a  low  blood-pressure.  Rest 
in  bed  and  the  local  use  of  soothing  and  antiseptic  applications  over- 
came the  acute  inflammatory  symptoms.  A'-ray  treatment  was  then 
tried  without  effect.  The  patient  finally  recovered  under  the  influence 
of  hygiene,  and  local  and  internal  remedies. 

The  second  patient  had  a  mild  acne  indurata  which  disappeared  in 
the  usual  length  of  time  under  the  influence  of  combined  treatment. 
A  few  months  later  she  had  an  attack  of  acne  erythematosa.  After 
the  acute  symptoms  subsided  a'-rays  were  administered  but  they 
failed  to  effect  the  desired  result.  An  j-rav  examination  of  the  abdo- 
men  revealed  a  chronic  appendicitis.  Appendectomy  was  followed  by  a 
prompt  and  permanent  cure. 

Technic— The  author  prefers  and  advises  fractional  treatment; 
H}  S.  D.  applied  once  weekly  to  the  affected  parts.  Most  patients 
will  tolerate  such  treatment  over  a  period  of  four  months  without  the 
slightest  reaction  or  atrophy.  A  course  of  sixteen  treatments  will 
suffice  in  most  instances.  In  stubborn  cases,  in  the  absence  of  ery- 
thema or  wrinkling  of  the  skin,  it  is  permissible  to  continue  the  treat- 
ment for  two  additional  months.  If  a  cure  is  not  effected  in  six  months 
it  is  advisable  to  discontinue  a*-ray  treatment. 

A  few  patients  will  not  tolerate  this  dosage.  Low  toleration  is 
encountered  in  acne  pustulosa  and  acne  erythematosa.  Also  in  young 
females  with  a  fair,  fine-textured,  highly-colored  skin.  In  such 
instances  suhfractional  treatment  (H|  S.  I),  once  weekly)  is  indicated. 
Many  patients  with  acne  indurata,  comedo,  seborrheic  acne, 
especially  persons  with  dark,  coarse  skins,  will  tolerate  and  should 
receive  larger  doses.  The  maximum  fractional  dose  may  be  considered 
as  H^  S.  1).  applied  once  weekly. 

Patients  who  live  at  a  distance  and  for  this  reason  or  for  any  other 
reason  cannot  make  frequent  visits,  may  receive  senii-intcnsive  or 
subintensive  treatment- llrj  S.  1).  every  two  weeks  or  IIJ  S.  1). 
every  three  or  four  weeks.  It  is  inadvisable  to  give  intensive  treat- 
ment to  the  face  (Hi  S.  I).).     Sucli  treatment  may  in  some  instances 
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W  applied  to  the  back,  arms  and  chest,  but  as  a  routine  it  is  preferable 
to  use  smaller  amounts. 

In  all  cases  the  operator  should  watch  carefully  for  the  slightest 
t\'idence  of  enthema  and  at  the  slightest  sign  of  such  occurrence  the 
treatment  must  be  interrupted  for  two  or  three  weeks  and  then  recom- 
menced ^-ith  smaller  doses.     Also  the  skin  should  be  watched  very 
<^refully  for  evidence  of  atrophy.    The  slightest  amount  of  wrinkling, 
Usually  first  noticed  on  the  chin  and  cheeks  near  the  mouth,  calls  for 
immediate  cessation  of  treatment. 

As  a  routine,  it  is  customary  to  make  two  exposures  to  the  face  at 

^ach  sitting.     The  anode  is  placed  directly  over  the  outer  end  of  the 

zygoma  of  first  one  side  of  the  face  and  then  the  other  side.    With  the 

patient  in  the  recimibent  position  the  face  is  placed  so  that  the  plane 

pf  the  irradiated  surface  is  a  little  less  than  at  right  angles  with  an 

^^aginary  line  extending  from  the  anode  to  the  skin.    This  will  allow 

^^^  radiation  to  spread  over  one  side  of  the  face  and  the  side  of  the 

'^^k.    The  oblique  rays  from  the  two  exposures  will  overlap  on  the 

'^fehead,  nose  and  chin.    WTiile  this  method  does  not  provide  equal 

"osage  over  the  entire  face,  it  answers  practical  requirements. 

In  some  instances  it  is  preferable  to  make  three  exposures— one  over 

^^h  zygoma  and  one  with  the  anode  directly  over  the  nose  (full  face). 

"Tien  this  is  done  the  plane  of  the  face  should  be  at  right  angles  to  the 

Perpendicular  for  the  lateral  exposures.    The  dose  for  the  sides  of  the 

'ao«  is  Hi  S.  I),  and  that  for  the  front  of  the  face  is  Hi  S.  I).    The 

^kin-target  distance  must  be  the  same  for  each  position. 

A\Tien  treating  the  face,  the  eyes,  eyebrows,  scalp  and  ears  must  be 
P>X)teeted  with  lead  foil  or  other  suitable  material.  It  is  not  necessary 
^^  protect  the  lips. 

If  the  chest  is  affected  it  may  be  left  unprotected  and  the  oblique 

*^jsfrom  the  fac^e  treatments  will  often  suffice  for  the  treatment  of  the 

^hest.    If  not,  then  the  chest  should  be  protected  when  treating  the 

J^ce  and  separate  exposures  made  to  the  chest.     If  the  eruption  is 

"tnite<l  to  the  chest  one  exposure  with  tlie  anode  over  the  center  of  the 

^t^rnum  vnl\  suffice,  care  being  taken  to  shield  the  face.     If  the  erup- 

^*^n  is  on  the  anterior  surfaces  of  the  shoulders  and  arms  two  exposures 

^^  necessary,  the  anode  being  placed  half  way  between  the  nipj)les  and 

JE^^  anterior  axillary  folds,  first  on  one  side  and  tl:en  on  tl  e  other  side. 

"•^  ^^  arms  are  placed  alongside  the  thorax  in  such  manner  that  their  an- 

.J^or  surfaces  will  be  on  a  level  with  the  anterior  surface  of  the  chest. 

jf '^^  oblique  rays  are  allowed  to  overlap  at  the  center  of  the  chest.    The 

^^  must  be  protected.     Occasionally  it  is  necessary  to  give  separate 

^^Posures  to  the  external  surfaces  of  the  arms. 

1^  IVo  exposures  will  usually  suffice  to  cover  the  upper  back,  the 

•.^^<?k  of  the  neck  and  the  posterior  surfaces  of  the  shoulclcrs  and  arms. 

^  lie  anode  is  placed  one  or  two  inches  mcsially  to  the  j)(>stcrior  axillary 

^*ds;  the  arms  are  held  against  the  sides  of  the  body;  the  seal])  is 

^^Vered  with  lead  foil.    The  oblique  rays  from  the  two  exposures  are 

^Uf)wed  to  spread  over  the  back  and  the  nucha. 
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Possible  Dangers.— With  caution,  good  judgment,  and  modern  technic 
there  is  little  if  any  danger  of  a  first  degree  reaction*  Without  an 
erythema  it  is  exceedingly  doubtful  if  it  is  possible  for  telangiectasia 
to  develop.  In  the  x-ray  treatment  of  over  1000  cases  of  acne  vulgaris 
the  author  has  not  had  a  single  example  of  radiodermatitis  or  telan- 
giectasia. 

If  the  treatment  is  continued  for  a  long  time  (over  six  months) 
without  intervals  of  rest,  there  may  develop  slight  wrinkling  and 
dryness.  The  dryness  usually  disappears  in  a  few  months  due  to 
regeneration  of  the  appendages  but  wrinkling  is  more  likely  to  be 
permanent.  In  the  author's  series  of  cases  slight  wrinkling  was  noted 
in  ten  patients.  These  were  severe  and  badly  scarred  cases  of  acne 
indurata  that  required  considerably  more  than  the  routine  amount  of 
treatment.  The  wrinkling  was  so  slight  that  it  was  not  noticed  by  the 
patients.  While  atrophy  to  the  point  of  visible  wrinkling  will  occur  in 
any  person  if  the  treatment  is  continued  for  a  sufficiently  long  time,  or 
if  the  doses  are  of  sufficient  size,  yet  idiosyncratic  tendencies  in  this 
respect  must  be  admitted.  For  this  reason  the  operator  should  study 
the  skin  carefullv  at  each  visit.  Skin  that  has  a  low  toleration  can 
often  be  detected  during  a  course  of  treatment  by  its  irritability.  It 
will  be  found  to  react  more  markedly  to  friction,  to  heat,  to  light,  to 
emotional  excitement,  etc.,  than  it  did  before  roentgen  therapy  was 
instituted.  In  such  instances  the  dose  should  be  made  smaller  and  a 
longer  interval  allowed  between  treatments. 

It  has  been  claimed  that  the  x-ray  treatment  of  acne  vulgaris  causes 
at  times  a  growth  of  hair.  It  is  a  fact  that  a  growth  of  down  is  occa- 
sionally seen  subsequent  to  the  x-ray  treatment  of  acne.  But  it  is  seen 
just  as  frecjuently  in  cases  of  acne  that  have  not  been  treated  with  the 
x-rays.  No  one  has  noticed  a  growth  of  hair  following  the  x-ray 
treatment  of  psoriasis,  eczema,  mycosis  fungoides,  leukemia,  epithe- 
lioma and  various  other  diseases.  The  question  of  the  hair-growing 
powers  of  the  x-rays  is  discussed  at  some  length  in  Chapters  XVIII 
and  XXVI.  Suffice  it  to  say  here  that  hypertrichosis  following  acne 
vulgaris  is  probably  due  to  the  disease  itself,  enhanced  perhaps,  by 
the  use  of  various  stimulating  remedies  such  as  sulphur,  mercury, 
resorcin,  etc.  There  is  no  evidence  to  prove  that  irradiation  of  acne 
vulgaris  causers  or  favors  a  g^o^\i:h  of  hair. 

Pigmentation  or  tanning  is  not  a  serious  result  of  irradiation  but  when 
occurring  on  the  face  it  is  disfiguring  and  sometimes  it  is  so  annoying 
from  a  cosmetic  point  of  view  that  patients  refuse  to  continue  roentgen 
treatment.  Excessive  pigmentation  occurs  in  a  small  percentage  of 
cases  and  may  consist  of  freckles  or  a  diffuse  tanning.  Rarely  it  is 
very  marked  and  results  from  a  few  mild  applications.  There  is  no 
way  to  avoid  this  idiosyncratic  tendency.  It  is  not  a  contra-indication 
to  x-ray  treatment  but  the  patient  may  prefer  another  form  of  treat- 
ment. At  times  the  pigmentation  will  disappear  in  a  few  weeks  subse- 
quent to  cessation  of  .r-ray  treatment.     In  some  instances,  however, 
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several  months  and  even  a  year  or  two  is  required  for  complete  dis- 
api)earance  of  the  discoloration.  (For  the  treatment  of  this  condition 
see  Chapter  XV.) 

Piltration.— Filtration  in  superficial  affections  is  discussed  in  detail  in 
Chapters  XI  and  XIX.  Suffice  it  to  say  here  that  the  author  has  tried 
both  filtered  and  unfiltered  rays  in  acne  vulgaris  and  insofar  as  can  be 
determined  the  result  is  exactly  the  same.  However,  there  is  no  harm 
in  employing  a  filter  and  there  may  be  certain  advantages.  The 
author  does  not  use  a  filter  in  treating  acne  vulgaris  but  he  does  not 
advise  against  its  use  for  this  purpose. 

Radium.— With  the  exception  of  technic,  what  has  been  said  relative 
to  the  a:-ray  treatment  of  acne  inilgaris  may  be  applied  to  radium  when 
used  for  the  same  purpose.  If  radium  is  employed  the  applicators 
should  be  so  screened  that  only  the  gamma  or  the  penetrating  beta  rays 
are  used.  The  applicators  possessed  by  the  average  dermatologist  are 
not  suitable  for  the  treatment  of  such  extensive  surfaces,  but  large 
flexible  applicators  containing  radium  tubes  or  emanation  tubes  may  be 
used  for  this  purpose.  The  result  should  be  the  same  as  with  the  a--rays. 
Wickham  and  Degrais  report  cures  of  acne  vulgaris  with  gamma  rays 
of  radium.  They  divided  the  face  into  numerous  areas  and  exposed 
each  area  one  hour  every  second  day  for  a  week.  The  cure  was 
effected  subsequent  to  a  second  series  of  treatments.  Other  cases  were 
treated  by  leaving  the  applicators  in  place  all  night. 

It  is  doubtful  if  radium  therapy  will  ever  equal  roentgen  therapy  in 
point  of  facility,  flexibility,  economy  and,  therefore,  in  therapeutic 
efficacy  in  the  treatment  of  acne  vulgaris. 

ROSACEA. 

Roentgenization  is  of  doubtful  value  in  pure  rosacea,  i.  e.,  telan- 
giectasis and  diffuse  erythema. 

When  combined  with  acne  \'ulgaris,  or  with  acneiform  lesions' and 
oily  seborrhea,  as  it  usually  the  case,  the  a'-rays  offer  perhaps  the  best 
means  of  obtaining  a  prompt  and  permanent  cure.  The  acneiform 
lesions  involute  and  the  sebaceous  glands  become  less  active.  With  the 
disappearance  of  the  pustules  there  is  less  congestion  of  the  affected 
parts. 

Like  acne  vulgaris,  rosacea  is  due  to  internal  disturbances,  usually 
of  the  gastro-intestinal  canal,  therefore  it  is  not  advisable  to  depend 
upon  the  x-rays  alone  for  a  cure.  As  a  routine  the  system  of  inter- 
dictions given  on  page  309  should  be  followed.  It  is  very  important 
that  tea,  coffee,  alcohol  and  spices  be  prohibited.  The  bowels  must 
be  carefully  regulated.  With  proper  attention  to  diet,  hygiene,  and 
the  correction  of  underlying  causes,  very  severe  types  of  rosacea  can 
usually  be  cured  by  fractional  treatments  in  three  or  four  months.  In 
spite  of  the  erythema  and  inflammation,  the  skin  affected  with  rosacea 
usually  tolerates  the  .r-rays  very  well. 
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While  the  patient  is  under  or-ray  treatment  it  is  not  advisable  to 
employ  the  strong  ointments  and  lotions  that  are  usually  prescribed 
for  rosacea.  Multiple  scarification  and  electrolysis,  for  the  purpose  of 
destroying  dilated  capillaries,  is  permissible  and  advantageous.  Sooth- 
ing lotions  and  ointments  (zinc  oxide  ointment— calamine  lotion)  are 
beneficial  and  are  gratefully  received  by  the  patient. 

Rosacea  is  limited  to  the  so-called  flush  centers  of  the  face— nose, 
chin,  mesial  portions  of  the  cheeks  and  the  lower  and  middle  parts  of 
the  forehead.  The  technic  as  described  under  acne  vulgaris  may  be 
used  in  the  treatment  of  rosacea— two  exposures,  one  for  each  side  of 
the  face,  the  oblique  rays  being  allowed  to  overlap  at  the  center  of  the 
face;  or  one  exposure  may  be  made  to  the  center  of  the  face  with  the 
anode  directly  over  the  nose.  If  the  affection  is  limited  to  the  nose  the 
rest  of  the  face  should  be  shielded  and  an  exposure  made  to  each  side 
of  the  nose.  In  this  instance,  in  order  to  avoid  too  much  overlapping 
of  the  radiation  on  the  bridge  of  the  nose,  the  plane  of  the  lateral  sur- 
face of  the  nose  should  be  at  right  angles  to  a  line  extending  from  the 
skin  to  the  anode. 

Hypertrophic  rosacea  is  a  sort  of  borderline  between  rosacea  and 
rhinophyma.  It  may  be  benefited  by  roentgenization  especially  if 
there  are  many  pustules.  For  a  complete  cure,  however,  it  is  necessary 
to  resort  to  other  forms  of  local  treatment  and  to  correct  underlying 
causative  conditicms. 

RHIN0PH7MA. 

The  .r-rays  seem  to  be  of  very  little  real  service  in  rhinophyma.  The 
result  will  depend  upon  local  conditions.  Acneiform  lesions  will 
disappear  and  the  sebaceous  glands  will  become  smaller  and  less 
active.  The  cure  of  rhinophyma,  however,  requires  other  forms  of 
local  treatment  including  surgical  measures.  Schultz  was  unable  to 
obtain  an  appreciable  reduction  in  the  size  of  rhinophyma  with  as  many 
as  six  intensive  aj)plications.  Freund  had  a  somewhat  similar  experi- 
ence. On  the  other  hand  Streubel  reports  a  complete  cure  of  a  case  of 
rhhiophyma  with  .r-rays  alone. 

Radium.  -  Radium  will  accomplish  the  same  results  in  rosacea  and 
rhinophyma  as  will  the  .r-rays.  In  the  case  of  rosacea  the  extent  of 
the  involved  surface  is  a  handicap  to  those  possessing  only  one  or  two 
flat  applicators.  It  is  possible  that  the  beta  rays  of  radium  might  be 
more  efficacious  in  rhinophyma  than  are  the  .r-rays.  The  author  has 
not  used  radium  in  this  disease.  Wickham  and  Degrais  report  favor- 
able results  with  the  gamma  rays  of  ra<lium  in  both  hypertrophic 
rosacea  and  rhinophyma.  Finzi  states  tliat  rhin()j)liyma  **is  very 
readily  influenced  by  radium  rays  and  the  nose  can  he  brought  back 
almost  to  a  normal  condition." 
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ACNE  VARIOLIFORMIS. 

It  is  difficult  to  estimate  the  true  value  of  the  j*-rays  in  acne  vario- 
liformis.   The  disease  usually  yields  readily  to  mercurial  and  sulphur 
ointments,  although  recurrences  are  common.    Furthermore,  while 
running  a  long  course,  there  are  remissions,  periods  of  latency  and 
exacerbations.    The  author  has  treated  10  cases  of  this  affection  with 
the  j-rays.    In  every  instance  the  eruption  subsided  in  one  or  two 
months  under  fractional  treatment.     In  2  cases  there  was  a  recur- 
rence which  again  disappeared  under  roentgen ization.    So  far  as  is 
imown  the  other  patients  remained  well.    The  impression  gained  is 
that  roentgenization  appears  to  lessen  the  tendency  toward  recur- 
rences.   This  opinion,  however,  is  not  based  on  statistics— it  is  simply 
an  impression.     Only  one  literary  report  dealing  with  the  a*-ray  treat- 
ment of  acne  varioliformis  has  been  found.    Allen,  in  1904,  states 
that'* in  patients  treated  with  a--rays,  the  well-known  tendency  to 
recur  seems  to  be  removed  or  at  least  decreased." 

Acne  varioliformis  affects  mostly  the  forehead  and  scalp,  occasionally 
the  nose.  The  technic  of  application  will  depend  upon  the  distribution 
of  the  eruption.  If  limited  to  the  nose,  this  organ  is  irradiated  as 
explained  under  the  heading  of  rosacea.  If  the  forehead  is  involved 
the  hairy  parts  and  the  face  are  shielded  and  weekly  fractional  doses 
applied  with  the  anode  placed  over  the  center  of  the  forehead.  If  the 
lesions  are  situated  in  the  eyebrows  and  on  the  anterior  scalp,  these 
parts  are  left  unshielded  and  subfractional  doses  administered  once 
weekly.  If  the  eruption  is  scattered  over  the  scalp  the  entire  head  is 
^diated  by  the  Kienbock-Adamson  method  (Chapter  XXI)  the  dose 
oemg  HJ  S.  D.  once  weekly  for  four  treatments.  It  is  unsafe  to 
administer  more  than  H?  S.  I),  in  a  month,  otherwise  a  defluviuni  of 
scalp  hair  may  result.  This  amount  will  usuallv  suffice  for  a  cure; 
"  not,  there  must  be  an  interval  of  rest  of  one  month  before  furtlier 
^ffadiation.  If  the  eruption  involves  the  face  and  scalp,  tlie  fornier 
Diaybeleft  unshielded  while  applying  the  Kienbock-Adamson  method. 

SYCOSIS  VULGARIS. 

Bowen  was  one  of  the  first  if  not  the  first  phvsician  in  this  countr\' 
^  report  the  successful  use  of  the  .r-rays  in  sycosis  vulgaris.  He 
Imported  the  cure  of  11  cases  in  19(K^.  The  literature  contains  a  very 
l^fge  number  of  articles  dealing  witli  this  subject.  The  following 
exposition  of  roentgen  therapy  in  this  disease  is  l)ased  on  personal 
e^rience  and  a  knowledge  of  the  literature. 

Ine  results  obtained  with  roentgen  rays  in  sycosis  vulgaris  range 

^^  brilliant  to  poor.    The  author  has  seen  long-standing  cases  of  tliis 

^J'^tion  (ten  to  fifteen  years'  duration)  permanentl\  cured  as  a  result 

a  few  fractional  exposures.  Judging  from  personal  exi)ericnce  a 
^ority  of  cases  can  be  cured  by  fractional  treatment  in  a  month  or 
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two  without  epilation.  Thi-  majority  will  require  a  defliivium.  Ocea- 
sional  cases  (lemanil  permanent  alopeeiii  iiml  at  times  even  ii  [>er- 
manent  alopeeia  will  not  effeet  a  <'ure. 
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Flu,  US. — Sjcosis  vulgaris  before  i-ray  treatraeat. 
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Recurrence  in  this  affection  is  common  but  as  a  rule  the  relapse  will 
yield  to  further  roentgenization. 

Technic— The  technic  of  application  is  the  Kienbock  method  which 
is  described  in  detail  on  page  347.  This  technic  is  applicable  to  cases 
where  the  affection  is  limited  to  the  bearde<l  region.  Rarely  the  disease 
affects  the  eyelashes,  eyebrows,  anterior  scalp  hair  line,  axilhe  and 
pubes.    In  such  instances  these  parts  are  treated  separately. 

Eyelashes  and  Eyebrows.— The  lids  are  closed  and  covered  with  a 
thick  coating  of  a  50  per  cent,  ointment  of  zinc  oxide  or  bismuth 
subnitrate.  Or  better  still,  properly  patterned  pieces  of  lead  foil  may 
be  fastened  to  the  lids  with  zinc  plaster.  The  remainder  of  the  face  is 
shielded  and  the  radiation  is  applied  first  to  one  exposed  region  and 
then  to  the  other. 

Anterior  Hair  Line,— The  face,  scalp,  ears  and  neck  are  shielded. 
Two  exposures  are  made  with  the  anode  centered  over  the  temporal 
regions.  The  oblique  rays  are  allowed  to  overlap  at  the  center  of  the 
anterior  hair  line. 

Axillcp,— The  patient  lies  on  his  back  and  places  his  forearm  under 
the  head.  All  parts  excepting  the  axillse  are  shielded.  An  exposure 
is  made  first  to  one  side  and  then  to  the  other  side  with,  the  anode 
centered  over  the  center  of  the  axilla.  In  the  position  given  the 
axilla  is  a  little  concave,  but  with  the  anode  at  a  distance  of  eight 
inches  dosage  will  be  sufficiently  uniform  over  the  affected  area. 

Pnbic  Region.— The  unaffected  parts  are  shielded.  One  exposure 
with  the  anode  placed  over  the  center  of  the  pubic  region  will  usually 
suffice  to  cover  the  affected  area. 

J9o*a</^.— Inasmuch  as  fractional  treatment  without  defl.uvium  will 
suffice  for  a  cure  in  many  cases  it  seems  advisable  to  first  try  such 
treatment.  HJ  S.  D.  once  weekly  for  five  or  six  treatments  will 
answer  the  purpose.  If  the  desired  result  is  not  obtained  it  becomes 
necessary  to  depilate.  To  produce  a  defluvium  of  the  bearded  region 
without  the  advent  of  at  least  a  mild  first  degree  radiodermatitis  is  a 
difficult  matter.  It  is  almost  impossible  with  intensive  treatment. 
It  usually  requires  at  least  Hi  S.  D.  to  effect  defluvium  and  this 
quantity  is  very  likely  to  evoke  an  erythema  of  the  skin  of  the  face.  As 
a  matter  of  fact  it  usually  requires  III  J  S.  I),  administered  at  one 
sitting,  to  cause  the  hair  of  the  male  beard  to  fall  out.  It  is  unwise  to 
administer  doses  of  this  size  to  the  face  for  this  purpose  because  of  the 
danger  of  an  x-ray  erythema.  The  reason  for  this  attitude  is  that  even 
a  mild  or-ray  erythema  may  be  followed  in  several  months  by  a  very 
disfiguring  telangiectasia. 

There  are  two  ways  in  which  the  latitude  of  safety  can  be  increased. 
Filtration  is  one  method.  With  filtered  radiation  one  has  a  little 
greater  latitude  between  the  amount  necessary  for  epilation  and  the 
amount  that  will  effect  an  er^^hema.  The  hair  may  fall  out  as  a  result 
of  Hl^  or  Hlf  S.  I).  3  mm.  Al.,  but  it  is  likely  to  require  112,  and  this 
amount  may  cause  a  mild  reaction  in  some  persons. 
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The  other  method  has  personal  preference.  It  consists  of  applying 
Hj  S.  D.  uniiltered,  every  five  days  for  four  doses,  or  HJ  every  seven 
days  for  three  doses.  The  hair  usually  falls  out  one  week  after  the  last 
treatment.  If  not  it  becomes  necessary  to  continue  the  treatment, 
with  the  same  doses  and  intervals,  until  a  defluvium  results.  The 
same  method  may,  of  course,  be  used  with  filtered  radiation,  the 
doses  being  increased  proportionately.  In  most  instances  it  is  possible 
to  depilate  the  beard  by  this  method  without  the  advent  of  even  a 
mild  first  degree  reaction.  But  in  some  instances  the  doses  have  to  be 
larger  than  those  advised.  Even  in  such  cases  the  hair  will  fall  out  as 
a  rule  without  signs  of  a  reaction. 

The  main  point  is  that  in  obstinate  cases  of  sycosis  vulgaris  one  is 
working  with  a  quantity  of  radiation  that  is  very  close  to  that  required 
for  a  mild  first  degree  reaction,  therefore  the  patient  must  be  kept  under 
close  observation  for  signs  of  cutaneous  irritability  which  often  occurs 
when  absorption  is  close  to  the  saturation  point.  This  irritability  is 
manifested  by  a  pronounced  temporary  erythema  following  friction, 
exposure  to  heat,  light,  wind,  exertion,  or  when  the  head  is  lower  than 
the  bodv,  or  it  may  be  coincident  with  emotional  excitement. 

If,  after  fractional  treatment  has  failed  to  effect  a  cure,  it  is  decided 
to  push  the  treatment  to  the  point  of  epilation,  it  is  wise  to  allow  a  rest 
interval  of  three  weeks  before  changing  the  technic. 

For  medico-legal  reasons  it  is  advisable  to  acquaint  the  patient  with 
the  difficulties  and  possibilities  of  the  treatment.  If  he  has  tried  other 
fonns  of  treatment,  skilfullv  and  conscientiously  administered,  without 
success,  he  will  usually  accept  the  slight  risk  with  the  understanding 
of  course  that  there  is  no  alternative  and  that  the  operator  will  employ 
a  modern  technic,  requisite  skill  and  judgment. 

In  dealing  with  unusually  recalcitrant,  or  relapsing  examples  of  the 
att'ection  where  the  treatment  as  above  outlined  has  failed,  the  advisa- 
bility of  effecting  a  permanent  alopecia  can  be  considered. 

Permanent  Alopecia.— The  first  step  is  to  depilate  the  hair  with  the 
technic  alreadv  outlined.  If  no  further  radiation  is  administered  the 
hair  will  begin  to  grow  again  in  a  month  or  two.  To  prevent  this 
regeneration  it  is  necessary  to  apply  semi-intensive  treatments  (H^ 
S.  1).)  once  monthly  for  from  four  to  eight  months  and  in  some  instances 
even  longer. 

In  ett'ecting  a  pennanent  alopecia  there  is  little  if  any  danger  of 
telangiectasia,  providing  there  is  no  erythema  at  the  time  of  the 
defluvium,  but  there  is  danger  of  more  or  less  wrinkling  and  dryness 
of  the  skin.  Wrinkling  will  occur  in  some  cases  and  not  in  others. 
There  is  no  way  to  avoid  this  sequela  with  certainty  and  the  patient 
should  clearlv  understand  this  fact. 

A  man  afflicted  with  a  bad  case  of  this  most  disfiguring  and  annoying 
disease,  assuming  that  the  afi'ection  lias  resisted  skilful  and  intelligent 
dermatological  treatment,  will  willingly  sacrifice  his  beard  and  he  will 
be  glad  indeed  to  risk  the  chance  of  atrophy^and  even  of  telangiectasia 
to  be  permanently  rid  of  his  disgusting  affliction. 
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It  is  very  uncomtnon  to  see  sycosis  vulgaris  persist  after  permanent 
alopecia  has  been  aflFec*ted,  but  the  disease  has  been  known  to  exist  in  a 
modified  form  after  the  beard  has  been  permanently  lost.  The  explana- 
tion is  that  lanugo  hairs  are  still  present  and  may,  in  certain  individuals, 
become  the  seat  of  the  disease. 

It  should  be  borne  in  mind  that  severe  sycosis  vulgaris  may  effect 
more  or  less  permanent  alopecia,  atrophy  and  scarring.  The  ar-rays 
must  not  be  blamed  for  sequelae  caused  by  the  disease  itself. 

Supporting  Treatment.— It  is  not  permissible  to  allow  the  use  of  strong 
local  applications  two  weeks  previous  to  ar-ray  treatment,  during  such 
treatment  and  for  at  least  two  weeks  subsequent  to  the  treatment. 
During  this  period  of  prohibition  the  parts  should  be  washed  twice 
daily  with  hot  water  arid  a  non-irritating  soap.  Shaving  is  permissible 
and  advisable  in  mild  examples  of  the  disease  but  it  should  be  done 
carefully.  Before  and  after  shaving  the  parts  may  be  sponged  with  a 
solution  of  corrosive  sublimate— 1-5000  in  50  per  cent,  alcohol.  The 
shaving  cream  can  contain  corrosive  sublimate  in  the  strength  of 
i  grain  to  4  ounces.  In  severe  cases  shaving  is  so  difficult  that  it  is 
preferable  to  cut  the  hair  close  to  the  skin  with  scissors.  A  3  per  cent, 
ointment  of  sulphur  precipitate  or  ammoniated  mercury  may  be  applied 
at  night,  providing  there  is  no  evidence  of  j:-ray  erythema  or  cutaneous 
irritability.  The  author  prefers  to  use  zinc  oxide  ointment  at  night 
and  a  calamine  lotion  in  the  da.vtime.  There  is  no  objection  to  the 
removal  of  affected  hairs  with  forceps.  After  defluvium  a  10  per  cent, 
ointment  of  sulphur  or  white  precipitate  may  be  used. 

Vaccine  treatment,  tonics,  hygiene  and  other  measures  to  increase 
general  resistance  should  by  all  means  be  given. 

Radium.— With  the  exception  of  technic,  what  has  been  said  relative 
to  the  a:-rays  in  the  treatment  of  sycosis  vulgaris  will  answer  for  radium. 
The  author  has  had  no  experience  with  radium  in  this  disease.  The 
extent  and  irregularity  of  the  surface  usually  affected  makes  it  difficult 
for  one  who  has  only  a  small  amount  of  radium.  Small,  isolated  areas 
can  be  handled  very  nicely  by  means  of  a  flat  applicator.  Either  the 
gamma  or  the  most  i)enetrating  of  the  beta  rays  should  be  employed. 
The  advantages  and  disadvantages  of  fractional  and  intensive  treat- 
ment are  the  same  as  those  given  for  the  j'-rays.  Simpson,  Finzi, 
and  Wickham  and  Degrais  have  succ*essfully  treated  cases  of  sycosis 
vulgaris  with  radium. 

FURUNCULUS. 

The  or-rays  are  of  distinct  service  in  the  treatment  of  recurrent  boils 
in  any  given  area  as,  for  instance,  the-back  of  the  neck  and  the  axillae. 
One  suberythema  dose  will  often  prevent  the  development  of  new 
lesions.  It  is  frequently  necessary,  in  order  to  effect  a  cure,  to  depilate 
the  parts.  If  this  is  attempted  in  one  treatment  er>i:hema  is  likely  to 
result.  For  reasons  given  elsewhere  in  this  chapter  it  is  desirable  to 
avoid  an  erythema,  especially  on  parts  that  are  not  covered  by  clothing. 
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Fractional  doses  and  subintensive  doses,  without  the  advent  of  ery- 
thema, will  often  suffice  for  a  cure.  If,  however,  it  is  necessary  to 
cause  a  defluvium  it  is  preferable  to  do  so  by  means  of  the  technic  and 
dosage  explained  in  detail  under  the  heading  of  sycosis  vulgaris. 

Pusey  and  Onnsby  consider  roentgen  therapy  a  very  valuable  method 
of  treatment  in  recurrent  furunculosis  in  circumscribed  areas.  It  is 
of  course  advisable  to  use  other  meth(xls  of  treatment  also,  such  as 
vaccines,  tonics,  local  cleanliness,  general  hygiene,  etc. 

The  author  has  not  tried  the  J-rays  in  single  boils  or  in  carbuncles. 
Coyle  has  obtained  remarkable  results  by  the  use  of  intensive  filtered 
radiation  in  carbunculus.  Dunham  obtained  prompt  cures  in  11 
cases  of  carbunculus  with  the  same  technic.  Ruggles  confirms  Dun- 
ham's work,  obtaining  quick  cures  in  both  boils  and  carbuncles.  All 
of  Dunham's  11  cases  received  "one  full  therapeutic  dose  with  the 
Coolidge  tube,  target  distance  8  inches,  through  3  mm.  of  aluminium, 
with  a  9-inch  spark  gap.  This  requires  about  35  milliampere-minutes 
and  gives  more  than  10  Kienbock  units."  The  first  night  after  the 
treatment  the  patient  is  likely  to  be  worse  but  within  forty-eight  hours 
the  pain  will  have  disappeared.  Sometimes  the  induration  is  gradually 
absorbed.  In  other  cases  the  lesion  softens  and  the  contents  are 
evacuated.  Dunham  cautions  against  allowing  infection  to  occur  in 
other  parts  of  the  neck.  He  has  obtained  excellent  results  with  similar 
treatment  in  cases  of  streptococcic  palmar  abscess. 

Radium.— No  literature  has  been  found  dealing  with  radium  in  the 
treatment  of  boils  and  carbuncles.  If  properly  used  the  result  should 
be  the  same  as  that  obtained  with  .r-ravs.  In  the  case  of  carbuncles 
and  individual  boils  the  applicator  should  be  heavily  screened,  only 
the  gamma  rays  being  used.  When  employed  for  the  purpose  of  pre- 
venting the  further  development  of  lesions,  the  penetrating  beta  rays 
can  be  used. 

PARONTCHIA. 


The  author  has  had  a  few  good  results  and  many  faihires  with  the 
o'-rays  in  the  treatment  of  chronic  pyogenic  paronychia.  Onnsby 
has  found  such  treatment  of  service.  Pfahler  reports  the  cure  of  a 
very  long-standing  case  with  twenty-five  subfractional  treatments  over 
a  period  of  three  months. 

Lack  of  experience  does  not  permit  the  constructing  of  an  exact 
technic.  It  is  well  to  shield  the  fingers  to  within  a  half  inch  of  the  nail. 
Fractional  treatment  and  subintensive  treatment,  without  the  pro- 
duction of  er\i;hema  has  given  about  the  same  results.  It  is  i)ossible 
that  doses  large  enough  to  efl^ect  a  reaction  might  prove*  more  efficacious 
but  such  treatment  is  not  advisable.  In  the  author's  hands  filtered 
radiation  has  not  proved  superior  to  unfiltereH  radiation. 

No  references  have  been  found  relative  to  tlie  use  of  radium  in  this 
aflFection.    That  radium  will  prove  at  least  as  efficacious  as  x-rays  is  a 
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Ttainty  and  it  is  possible  that  beta  rays  will  prove  most  efficacious. 
he  author  treated  one  case  with  the  beta  rays  of  radiiun.  The 
■eatment  was  a  failure.  The  affection  had  resisted  all  forms  of 
reatment  including  the  x-rays. 


MISCELLANEOUS. 

One  case  of  dermatitis  vegetans  was  treated  with  unfiltered  fractional 
doses  without  effect. 

Two  eases  of  what  was  thought  to  be  chronic  streptococcic  lymphan- 
gitis were  cured  by  a'-ray  treatment.     In  one  instance  the  affection 
involved  the  nose,  being  secondary  to  a  disturbance  in  the  nasal 
passage.    The  eruption  consisted  of  thickening  of  the  skin,  redness  and 
occasional  pustules.    The  duration  was  three  years,  during  which  time 
there  were  remissions  and  exacerbations.    The  affection  disappeared 
after  sixteen  fractional  treatments  at  weekly  intervals.    The  patient 
also  received  vaccine  treatment.    A  year  later  there  was  a  recurrence. 
This  time  the  affection  disappeared  in  two  months  under  fractional 
'■fay  treatment  without  the  administration  of  vaccines. 

The  second  patient  presented  a  palm-sized  area  of  red,  thickened  skin 
on  the  left  cheek.  Sharp  exacerbations  associated  with  the  develop- 
inent  of  numerous  pustules  occurred  frequently.  The  duration  of  the 
affection  was  six  years.  Three  unfiltered,  subintcnsive  doses  were 
*<hninistered  at  monthly  intervals.  There  was  no  improvement  until 
*fter  the  third  treatment  when  the  eruption  disappeared.  The  patient 
^  remained  well  over  a  period  of  six  years. 

Chronic,  indolent  ulcers,  supposedly  of  staphylococcic  or  strepto- 
^^*<^ic  origin,  are  at  times  benefited  by  a  few  fractional  applications  of 
'-rays  or  radimn— especially  the  beta  rays  of  the  latter. 

Two  cachectic  patients  with  abscesses  of  the  face,  chest  and  back, 
^^sociated  with  acne  \nilgaris  (acne  cachecticoruni)  were  apparently 
?^tly  benefited  by  fractional  x-vslv  treatment  combined  with  other 
nieasures  directed  at  the  general  health. 

Two  oases  of  ulervlhema  sycosifonne  (lupoid  sycosis)  ha\'e  been 
^^  with  three  subintcnsive  applications  of  .r-ra\'s.  Allen  cured  a 
p8seof  this  disease  with  fractional  treatment.  The  all'ection  recurred 
^^  SIX  months  but  again  disappeared  under  roentgcnization.  The 
author's  cases  were  treated  four  years  ago.  The  patients  have  not  been 
^^  since.  This  disease  causes  atrophy  and  permanent  alopecia, 
^uela?  that  should  not  be  blamed  on  .r-ray  treatment. 

l^nree  cases  of  a  somewhat  similar  condition  —  folliculitis  decalvans  — 
^p^cured  by  a  single  epilating  dose.  Angle  cured  a  case  of  this  disease 
"^^  fractional  a'-ray  treatment  over  a  perio<I  of  six  months.  Of 
course,  the  a'-rays  had  no  effect  on  the  permanent  aloi)ecia  and  atrophy 
<*aused  by  the  disease  itself, 

21 
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CHAPTER  XXI. 

DLSEIASES  DUE  TO  FrXGI.» 

Of  the  cutaneous  affections  due  to  pathogenic  fungi  the  following 
are  more  or  less  amenable  to  o'-ray  and  radium  treatment: 

1 .  Tinea  Tonsurans.  5.  Ringwonn  of  the  Glabrous  Skin. 

2.  Tinea  Favosa.  G.  Actinomycosis. 

3.  Tinea  Barbae.  7.  Blastomycosis. 

4.  Onychomycosis. 

TINEA  TONSURANS. 

(RlXCiWORM  OF  THE   SCALP.) 

Historical  Sketch.— Freund,  in  1897,  was  the  first  to  suggest  the  use 
of  j"-rays  in  the  treatment  of  this  disease.  Cures  were  soon  reported 
by  Schiff  and  Freund,  Kienbock,  Torok,  and  Scheiii,  and  many  others. 
The  tec*hnic  used  at  that  time  consisted  in  applying  inaccurately  esti- 
mated fractional  doses  two  or  three  times  weekly  until  a  defluvium 
resulted.  The  results,  at  first  encouraging,  were  negativt^d  by  the 
large  percentage  of  cases  of  permanent  alopecia  due  to  excessive 
dosage. 

In  19()4  Sabouraud  and  Noire  devised  a  meth(Kl  of  depilating  the 
entire  scalp  at  one  sitting.  They  employed  their  own  radiometer,  a 
de^scTiption  of  which  will  be  found  on  page  117.  The  methcxl  consisted 
of  dividing  the  scalp  into  ten  or  twelve  areas  and  exposing  each  area  to 
an  epilating  dose  as  estimated  by  means  of  a  pastille.  As  each  area 
was  treated  the  remaining  portions  of  the  scalp  had  to  be  carefully 
shielded,  a  specially  constructefi  metal  cone,  of  proper  size,  shape  and 
length  being  use<l  for  the  purpose.  This  metal  cone  was  calknl  a 
localizer.  It  served  to  confine  the  radiation  to  a  definite  area  and  to 
keep  the  head  in  constant  relation  to  the  source  of  ra<Iiati()n.  It  also 
contained  a  receptacle  at  half  distance  for  the  pastille.  In  the  course 
of  a  year  or  two  they  depilated  many  huiKlrwI  cases  with  an  exceedingly 
low  percentage  of  untowanl  results. 

The  work  of  Sabouraud  and  Noire  was  watcJicuI  with  no  little  interest 
by  dermatologists  and  roentgenologists  of  other  countries.  Uingwonn 
of  the  scalp  was  disappearing  from  France  as  a  result  of  the  new 
method  of  treatment.     Naturally  the  method  was  given  a  trial  in  other 

*  For  explanation  of  tomis  uwd  in  this  chapter  to  rxpr(>>  dosau*'  ^cv  rhajitcr;?  X  and 
XIX. 
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countries,  especially  in  England.  But  the  results  were  not  favorable; 
the  percentage  of  cases  of  permanent  alopecia  was  too  high.  In  France 
they  employed  static  machines,  in  England  coils  were  used.  At  first 
very  little  was  known  relative  to  pastille  characteristics.  Nevertheless, 
in  spite  of  many  difficulties  and  discouraging  results,  the  P^nglish  roent- 
genologists persisted  and  it  was  not  long  before  their  efforts  were 
croAMied  by  success. 

Kienbock,  in  1907,  devised  a  very  ingenious  method  of  dividing  the 
scalp  into  five  areas.  No  protection  was  necessary  excepting  for  the 
face,  ears  and  neck.  Each  area  was  given  a  pastille  dose.  The 
oblique  radiation  from  one  area  reinforced  similar  radiation  from  other 
areas  thus  providing  equalization  of  quantity  over  the  entire  convex 
scalp. 

Two  years  later  Adamson  published  an  excellent  article  in  which  he 
modified  the  Kienbock  method  and  explained  in  a  very  practical  man- 
ner the  details  of  the  technic.  With  the  Sabouraud-Noir6  technic  it 
required  four  hours  to  apply  the  treatment  to  the  entire  scalp.  Adam- 
son's  technic  reduced  the  time  to  one  and  one-half  hours. 

It  was  still  necessary  to  place  the  pastille  at  half  distance  and  to 
use  some  method  of  fixing  the  head.  Fixation  of  the  irradiated  part 
is  of  the  utmost  importance  when  the  pastille  is  placed  at  half  dis- 
tance (Chapter  X).  The  popular  method  of  fixation  was  to  have 
soft  wooden  pegs  attached  to  the  tube-stand.  These  pegs  could  be 
adjusted  so  as  to  keep  the  head  in  proper  relation  to  the  x-ray  tube. 
Soft  wood  was  utilized  because  the  pegs  were  in  the  field  of  radiation 
and  if  composed  of  hard  wood  too  much  radiation  would  be  lost  by 
absorption.  Hampson,  in  1911,  overcame  these  difficulties  by  esti- 
mating the  dose  with  the  pastille  on  the  skin  instead  of  at  half 
distance. 

The  evolution  of  roentgen  technic  in  the  treatment  of  tinea  tonsurans 
ends  with  the  advent  of  the  Coolidge  tube,  the  interrupterless  trans- 
former and  electrical  methods  of  measurement. 

Depilation  of  the  entire  scalp  is  accomplished  today  by  the  Kienbock- 
Adanison  technic  with  the  exception  that  estimation  of  the  dose  is  by 
the  indirect  method.  With  modern  methods  a  trained  technician 
rarely  requires  more  than  one-half  hour  for  treatment  of  the  five  areas 
unless  the  patient  is  very  unruly.  It  is  possible  to  treat  the  five  areas 
in  less  than  half  of  this  time  if  necessary  or  advisable. 

Value  of  Roentgen  Treatment.— Ringworm  of  the  scalp  varies  con- 
siderably geographically  both  in  respect  to  severity  of  symptoms  and 
lunnher  of  cases.  In  localities  where  the  affection  is  common  and 
recalcitrant  it  is  a  positive  menace  to  society.  The  only  other  success- 
ful treatment  consists  of  daily  washing,  careful  removal  and  burning 
of  the  brittle  diseased  hairs  and  applications  of  antiparasitic  ointments. 
This  laborious  and  disagreeable  treatment  is  successful  when  the 
patient's  family  is  intelligent  and  reasonably  well-to-do.  But  even  in 
such  instances  several  months  or  a  year  or  more  is  likely  to  be  required 
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for  a  cure.  Ringworm  of  the  scalp  is  most  common  in  thickly  popuhited 
districts  and  in  such  localities  the  parents  of  the  child  have  neither  the 
intelligence  nor  the  time  to  successfully  combat  the  disease  in  this 
manner.  The  result  is  that  in  large  cities  there  are  thousands  of 
children  afflicted  with  this  disease.  Such  children  are  a  menace  to 
their  fellows  and  as  they  arp  not  allowed  to  attend  school  the  disease 
must  be  considered  as  one  cause  of  illiteracy.  This  last  fact  is  especially 
important  when  one  considers  that  the  affection  in  many  instances 
continues  until  the  age  of  puberty  at  which  time  the  little  patient  is 
more  likely  to  go  to  work  than  to  attend  school. 

Roentgen  treatment  effects  a  cure  in  one  sitting.  In  the  majority 
of  instances  the  child  can  return  to  school  in  a  month  or  two.  If  the 
treatment  is  administered  by  one  who  is  properly  trained  in  the  work 
there  is  no  danger  of  any  kind  to  the  child.  Unfortunately  there  are 
very  few  free  clinics  and  not  many  private  laboratories  in  this  country 
where  these  patients  can  receive  modern  roentgen  treatment.  It  is  a 
pleasure  to  see  that  the  number  of  physicians  taking  up  this  work 
seriously  is  increasing  and  it  will  only  be  a  question  of  time  when  these 
physicians  will  become  associated  with  well-equipped  free  clinics.  It 
would  be  a  splendid  thing  if  the  Health  Boards  of  large  cities  became 
interested  to  the  extent  of  equipping  a  clinic  with  modern  a])paratus 
and  furnishing  one  or  more  trained  technicians  to  work  under  the 
supervision  of  a  dermatologist  who  has  had  roentgenologic  training. 
Such  training  can  be  easily  obtaine<l. 

It  is  interesting  to  note  the  results,  from  an  economical  and  socio- 
logical standpoint,  that  were  obtained  in  France  at  the  very  beginning 
of  the  work.  At  the  Paris  ringworm  school  prior  to  1903,  the  average 
time  required  for  a  cure  was  two  years.  About  30()  cases  were  hospital- 
ized and  about  110  were  annually  discharged  cured.  After  the  insti- 
tution of  roentgen  therapy  the  cure  required  three  months  and  in  the 
first  year  327  cures  were  effected.  Estimating  the  cost  of  maintenance 
of  a  child  at  the  school  at  fifty-six  cents  a  day,  the  cost  to  the  city  was 
reduced  from  $400  to  $56  per  capita  per  annum.  As  one  of  tlie 
buildings  containing  150  beds  which  had  been  used  for  ringwonn  cases 
was  returned  to  the  Health  Board,  the  siiving  in  the  budget,  valuing 
a  bed  at  $2,000,  amounted  to  about  $^30(),(K)().  The  provincial  colonics 
for  ringworm  at  Uomorantin,  Prevent  and  Vendonie,  with  acconnno- 
dation  for  350  cases,  were  practically  discontinued  as  all  such  cases 
were  treated  as  out-patients  at  a  cost  of  less  than  SI. 00  per  head. 
Somewhat  similar  results  were  noted  in  England,  especially  at  the 
ringworm  schools  of  the  Metropolitan  Asylums  Board. 

It  is  quite  possible  that  with  enforce<l  treatment  and  suital)le  sani- 
tation tinea  tonsurans  can  be  completely  eradicated. 

The  author  does  not  desire  to  be  understood  to  advocate  the  a-ray 
treatment  of  every  case  of  tinea  tonsurans  in  every  locality.  In  some 
geographic  centers  the  affection  is  unconnnon  and  very  easily  cured  l)y 
other  methods.    Inasmuch  as  the  affection  si)()ntane()usly  disappears 
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at  puberty  it  is  not  always  nec'essary  to  irradiate  patients  who  have  the 
disease  but  who  are  close  to  the  age  of  puberty. 

Preparation  of  Patient  for  Treatment.— The  preparation  of  a  patient 
for  roentgen  treatment  of  tinea  tonsurans  is  of  considerable  imix>r- 
tance.  The  most  important  point  of  all  is  to  ascertain  what  treat- 
ment has  been  recently  applied  to  the  scalp.  If  irritating  ointments 
or  lotions  have  been  used  (iodine,  croton  oil,  mercury,  sulphur, 
chrysarobin,  etc.),  it  is  preferable  to  allow  a  period  of  two  weeks  to 
elapse  between  the  last  application  and  the  roentgen  treatment.  If  the 
scalp  is  inflamed  as  a  result  of  such  applications,  a  period  of  two  weeks 
should  elapse  after  the  disappearance  of  the  inflammation  before  the 
a*-ravs  are  administered.  If  these  instructions  are  disobeved  a  radio- 
dermatitis  or  permanent  alopecia  may  result. 

The  hair  should  be  cut  close  to  the  scalp,  sufficiently  close  to  allow 
marking  of  the  scalp  >\ith  a  skin  pencil.  Removal  of  the  hair  not  only 
facilitates  making  the  necessary  marks  and  lines  (to  be  described  later) 
on  the  scalp  but  a  bald  head  is  much  easier  to  handle  than  is  one  con- 
taining a  wealth  of  long  hair.  Furthermore  a  heavy  head  of  hair  acts 
as  a  filter  and  interferes  >\ith  estimation  of  dosage. 

All  crusts  and  scabs  should  be  removed  with  soap  and  water.  In 
fact  the  head  should  be  washed  daily  with  soap  and  water  prior  to  the 
treatment. 

Finally,  in  nervous  or  unruly  children  one  op  more  rehearsals  may  be 
necessary  before  the  child  acquires  sufficient  confidence  to  allow  the 
head  to  be  placed  in  position  and  to  keep  it  in  position  during  the 
treatment.  As  a  rule  it  is  remarkable  how  well  these  little  patients 
l)ehave,  but  (Krasionally  a  child  is  encountered  that  tries  the  patience 
of  the  physician  and  technician  to  the  limit  of  endurance. 

Age  of  Patients.— As  a  rule  it  is  impossible  or  at  least  very  difficult 
to  depilate  the  entire  head  of  a  child  under  two  or  three  years  of  age  for 
the  simple  reason  that  the  patient  will  not  remain  quiet.  There  is  no 
objection  to  treating  infants  if  they  will  remain  quiet.  The  author  has 
depilated  the  entire  scalp  in  a  number  of  children  between  the  ages  of 
fourteen  months  and  two  years.  In  infants,  on  account  of  motion,  the 
treatment  has  been  confined  to  one  or  several  small  ring\vorm  patches. 
In  such  instances  the  head  is  held  firmly  in  position  by  an  assistant  and 
the  dose  administered  in  from  thirty  to  sixty  seconds.  Fortunately 
the  majority  of  patients  who  are  brought  to  the  clinic  for  treatment  are 
between  the  ages  of  two  and  eight  years. 

Technic— The  method  of  marking  the  scalp  and  the  angles  of  inci- 
dence herewith  described  were  first  advocated  bv  Adamson.  PnK^eed 
as  follows:  A  mark  is  ma<lc  (with  a  skin  pencil)  2  inches  inside  of  the 
hair-Hne  above  the  forehead  in  the  median  line  (Fig.  97).  This  may 
be  designated  as  point  A.  A  steel  tap(^  measure  is  then  placed  with 
zero  on  point  A  and  stretched  along  the  ine<lian  line  over  the  vertex 
to  the  neck.  At  10  inches  another  mark  is  made  point  H  (Fig.  98). 
This  will  usually  be  about  2  inches  inside  of  the  hair-line  on  the  back 
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.  but  will  vary  somewhat  in  accordance  witli  the  sine  of  the 
S*oiiits  A  and  B  should  be  a^ljusted  so  that  they  are  about  the 
(stances  inside  of  the  anterior  and  posterior  haii^tines.  A3  a 
[  fact,  A  and  B,  in  some  instances,  may  fall  exactly  at  the 
!,  but  this  makes  no  difference  so  long  as  tlie  distance  between 
iexactly  10  inches.  Point  C  is  then  indicated  by  a  mark  in  the 
[line  exactly  half  way  between  points  A  and  B  (Fiji.  99).  On 
II  there  is  a  flat  surface  just  anterior  to  the  occiput  and  point 


u\\  from  1  to  1 3  inches  in  front  of  the  center  of  this  area.  One 
mst  upon  point  C  being  exactly  at  this  location  and  adjust  A 
no  that  they  will  l>e  just  5  inches  anterior  and  posterior  to  C. 
P  is  then  located  just  above  and  in  front  of  the  right  external 
|r  meatus  (Fig.  98).  The  exact  position  of  this  spot  is  found  by 
^  5  inches  from  A,  B,  and  ('.  Point  E  represents  the  same 
b  on  the  left  side.  It  is  essential  that  each  point  be  exactly  5 
from  the  next  nearest  point. 
[next  step  is  to  draw  lines  betw-een  the  various  jxiints  (Figs. 
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97,98,99).  Tliiswilltiivide  the  scalp  into  four  triangular  areas.  The 
reason  for  this  will  \>v  inaiJe  dear  later. 

Next,  eaeli  |ji>int  A,  II.  (',  D  and  K— receives  an  epilating  dose  of 
a"-ra.vs  in  the  foilowiiif;  manner: 

For  point  A  the  child  lies  on  its  hack  on  a  table.  The  entire  face 
below  the  hair-line  is  protected  by  lea<l  foil  or  otlier  suitable  material. 
The  tube  is  placed  with  the  anode  exactly  over  and  exactly  8  inches 
from  point  A  (Fig.  98).  It  will  be  seen  that  the  vertical  rays  will 
strike  point  A,  while  half  of  the  oblique  rays  will  fall  upon  the  anterior 
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portion  of  the  scalp,  and  the  remainmg  half  will  strike  the  protecting 
shield  on  the  face  and  be  ttastef!  (Fig.  98), 

Points  B,  C,  I),  and  E  are  now  to  receive  the  epilating  do.se  in  the 
same  manner  with  the  following  exceptions:  For  point  C  the  patient 
may  recline  cm  a  table  or  sit  upright  on  a  chair.  No  protection  is 
required.  Here  the  oblique  rays  spread  over  the  anterior,  posterior 
and  lateral  portions  of  the  scalp.  For  point  B,  the  child  may  lie  on  his 
side  on  the  table  or  ait  in  a  chair  with  his  forehead  resting  on  the  table. 
It  is  necessary  to  protect  the  neck,  shoulders,  and  back.     Here  half  of 
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the  oblique  rays  will  reach  the  posterior  portion  of  the  scalp  while  the 
iilhiT  half  will  spread  o\Tr  the  shoulders  and  back.  For  jxiiiita  D  and 
E  tlie  patient  lies  on  Ids  side  on  a  table  and  the  ears,  face,  and  neck  are 
protected.  Here,  as  in  points  A  ari<l  B,  half  (if  the  oblique  rays  are  lost. 
It  is  of  the  iituuist  importance  that  eacli  treatment  he  at  riKht  angles 
to  every  other  treatment.  For  instance,  an  imaginary  Hue  drawn  from 
the  anode  to  point  A  will  he  at  right  angles  to  lines  extending  from 
the  anode  to  points  C,  D,  and  E,  Ffgs.  97,  98  and  99  will  explain 
these  angles  better  than  words  and,  also,  they  will  demonstrate  that 


ig  ungle  for 


the  lines  drawn  on  the  scalp  between  the  five  points  aid  one  in  quickly 
determining  tlie  correct  angle. 

A  study  of  these  illustrations  will  show,  also,  how  the  vertical  rays 
strike  the  five  points  while  the  oblique  rajs  from  one  treatment  overlap 
and  reinforce  similar  rays  from  other  treatments.  P'or  instance,  if  a 
full  epilating  dose  is  administered  to  [wint  K  and  to  no  other  portion  of 
the  scalp,  the  hair  will  fall  out  over  only  a  very  small  area  (Fig.  1(K)). 
But  when  similar  doses  are  applied  to  p(»hits  A,  B,  and  C  the  oblique 
rays  overlap  and   universal  alopecia   is  the  result   (Fig.   lUl).     In 
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explanation  it  may  be  stated  that  point  E,  being  in  the  field  of  vertical 
rays,  receives  the  full  epilating  dose,  while  a  point  half  way  between  E 
and  B  receives  one-half  of  an  epilating  dose.  Hut  this  point  also 
receives  one-half  an  epilating  dose  when  point  B  is  treated.  In  this 
way  the  entire  scalp,  when  the  five  points  have  been  treated,  receives 
a  full  epilating  dose. 

On  page  292  the  reason  for  this  equalization  of  quantity  over  a  convex 
surface  is  explained  in  detail.  Suffice  it  to  say  here  that  the  law: 
intensity  varies  inversely  as  the  square  of  the  distance  or  directly  as  the 
sine  of  the  angle,  eflFects  equalization  of  the  dose  over  the  entire  scalp. 

In  practice  it  will  be  found  that  the  size  and  shape  of  heads  vary 
considerably.  But  this  fact  is  of  no  practical  importance.  The 
essential  features  thus  far  are  to  have  the  exposure  points  at  equi- 
distance (5  inches  apart),  to  have  each  exposure  at  right  angles  to  other 
exposures,  to  protect  only  the  non-hairy  parts  and  to  have  the  anode- 
skin  distance  exactly  the  same  for  each  exposure— a  distance  of  8  inches 
is  recommended. 

The  Dose.— There  does  not  appear  to  be  very  much  diflFerence  in  the 
susceptibility  of  the  scalps  of  children  between  the  ages  of  two  and 
twelve  insofar  as  concerns  epilation.  HI,  estimated  by  the  pastille 
method  of  measurement,  with  the  pastille  on  the  skin,  is  the  epilating 
dose.  This  will  nearly  always  produce  a  fairly  complete  defluvium. 
Occasionally  it  is  necessary  to  apply  Hi  J  S.  I).  This  is  a  safe  dose  but 
it  must  not  be  exceeded  excepting  in  cases  where  the  toleration  is  known 
to  be  greater.  It  is  advisable  to  consider  HlJ  S.  D.  as  the  maximum 
amount  that  can  be  administered  to  the  scalp  of  children  between  the 
ages  of  two' and  twelve  years  for  the  purpose  of  temporary  alopecia. 
In  children  under  two  years  of  age  and  in  infants  the  dose  should  be 
H|  S.  D.  with  a  maximum  of  HI  S.  D.  In  adults  there  is  a  wider 
range  of  toleration,  depending  somewhat  upon  the  age  and  complexion. 
HJ  S.  I),  has  been  known  to  produce  defluvium  in  a  female  blond, 
twenty-two  years  of  age— a  case  of  psoriasis.  At  the  other  extreme 
it  required  Hi  J  S.  I),  to  depilate  the  head  of  a  female  brunette  afflicted 
with  favus. 

The  epilating  dose  is  to  be  administered  to  each  of  the  five  points  in 
succession.  The  beginner  is  urged  to  be  guided  by  Chart  12,  shown 
on  page  144.  If  for  any  reason  the  five  areas  cannot  be  treated  at  one 
sitting  it  is  permissible  to  expose  one  area  daily.  If  the  intervals  are 
greater  than  this  the  hair  may  fail  to  fall  out. 

Formerly  it  was  necessary  to  estimate  the  dose  radiometrically- 
by  using  pastilles  or  photographic  paper  for  each  exposure.  Fortu- 
nately this  troublesome  procedure  is  no  longer  a  requisite  of  the  technic. 
The  author  and  his  associates  have  employed  the  indirect  method  of 
dose  estimation  (page  143)  in  this  work  for  over  five  years.  The 
heads  of  ()0()  children  have  been  depilated  without  a  single  case  of 
permanent  alopecia.  Hazen  reports  225  patients  treated  in  this 
manner.  In  one  instance  there  was  permanent  baldness  and  in  another 
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patient  the  subsequent  growth  of  hair  was  sparse.  Hazen  was  able  to 
locate  a  technical  error,  thus  supporting  the  accuracy  of  the  method  if 
properly  conducted.  The  bad  result  in  one  patient  was  due  to  the 
stopping  of  a  watch  and  in  the  other  it  was  due  to  too  much  motion 
of  the  head. 

It  is  remarkable  how  expert  a  technician  becomes  with  experience. 
With  sufficient  experience  it  is  possible  to  apply  the  treatment  without 
clipping  the  hair  and  without  making  any  marks  on  the  scalp.  Such 
procedure,  however,  is  not  advisable. 

Experiments  have  been  carried  out  with  various  qualities  of  radia- 
tion, even  with  filtered  rays;  the  result  is  always  the  same  if  the  dose  is 
correct.  Filtration  has  not  been  found  of  advantage.  V^arious  skin- 
focal  distances  have  been  used— 6 J  inches,  8  inches  and  10  inches. 
The  result  is  the  same  if  the  distance  is  the  same  for  each  exposure. 
The  skin-target  distance  used  by  the  author  is  8  inches. 

Margin  of  Safety.— The  margin  of  safety  is  sufficient  to  cover  the 
possible  unavoidable  error.  As  stated  supra  it  is  safe  to  administer 
Hi  J  S.D.,  to  any  scalp  (exceptions  recorded  supra).  In  the  majority 
of  ringworm  cases  it  requires  only  Hi  to  effect  a  defluvium  sufficient  to 
cure  the  affection.  Thus  there  is  a  margin  of  safety  of  at  least  HJ 
S.  I).  As  a  matter  of  fact  many  if  not  most  scalps  will  tolerate  a  dose 
of  HIJ  S.  D.  without  injury,  but  the  administration  of  this  amount 
is  unwise  and  unsafe  unless  individual  toleration  is  previously  ascer- 
tained. 

Fixation  of  Head.— It  has  been  found  by  experience  that  most 
children  will  hold  their  heads  quietly  during  the  exposure  if  they  are 
properly  handled.  As  a  rule  they  are  likely  to  become  nervous, 
frightened  and  unmanageable  if  an  attempt  is  made  to  fix  the  head  by 
use  of  sand-bags,  weights,  and  various  mechanical  devices.  However, 
in  some  instances  it  is  preferable  to  employ  mechanical  devices  for 
holding  the  head  steady.  There  is  no  satisfactory  method  for  this 
purpose.  Sand-bags  are  too  heavy  and  bulky.  A  flannel  roller  band- 
age may  be  placed  over  the  head  and  fastened  to  the  sides  of  the  table. 
Pegs  of  soft  wood  may  be  attached  to  the  tube-stand,  the  distal  ends 
being  in  contact  with  the  scalp  (Kig.  102).  If  such  pegs  are  employed 
they  must  be  made  of  very  soft  wocxl  so  as  not  to  absorb  much  radia- 
tion. These  pegs,  when  of  proper  length,  keep  the  head  at  the  same 
distance  from  the  anode  during  the  entire  exposure.  Or,  if  the  head 
becomes  separated  from  the  pegs  the  fact  is  instantly  noted  by  the 
operator  or  assistant.  The  head  should  not  be  placed  on  a  soft  cushion 
as  such  a  head-rest  does  not  permit  sufficient  stability. 

One  cause  of  restlessness  on  the  part  of  the  child  is  sparking  from  the 
lead  foil  used  to  protect  the  non-hairy  parts.  This  can  be  prevented 
by  grounding  the  lead  or  better  still  by  using  the  protection  material 
described  on  page  102.  A  sheet  of  this  flexible  material  can  be  cut  into 
three  patterns— one  for  the  forehead  and  anterior  face,  one  for  the  side 
of  the  face,  neck  and  ear,  and  one  for  the  back  of  the  neck  and  shoulders. 
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■liild  and  they  will  last  for 
s  little  if  iuiy  sjiarkirig  from 


The  same  patterns  tt-ill  answer  for  every 
years.  Not  lieing  a  ^mih!  condiit'tor  there  i 
sueh  material. 

Tirae,  Distance,  ToU&kb  and  Milliamp&rage.— These  fuiturs  may  l>e 
anj-thiiig  the  operator  desires  within  reasonable  limits.  If  the  wurk 
must  he  done  rapidly  ami>erage  or  voltage  may  be  increaseti  or  distance 


shortened.  Kxperience  has  shown  that  for  the  majority  of  eases  a 
working;  time  constant  of  three  minutes  is  satisfactory.  It  is  neither 
too  slow  nor  too  rapid.  Greater  rapidity  is  likely  to  lie  associated 
with  le.ss  accuracy;  longer  exposures  try  the  patience  of  the  child. 

All  factors  must,  of  course,  remain  constant  throughout  the  exp<}sure, 
The  only  important  diflicidties  will  be  associated  with  time  and 
distance.     The  time  should  be  kept  with  a  stop-watch.     The  operator 
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must,  so  to  speak,  keep  one  eye  on  his  milliammeter  and  the  other  on 
the  patient's  head.  If  the  head  moves  perceptibly  upward,  downward 
or  sidewise,  the  exposure  must  be  at  once  interrupted.  It  is  such 
interruptions  that  are  likely  to  cause  confusion  in  timing  the  exposure 
and  this  is  the  reason  for  the  stop-watch. 

Subsequent  Events.— Some  children  exhibit  a  slight  elevation  of 
temperature,  loss  of  appetite,  restlessness  and  other  symptoms  of 
*mild  indisposition  the  day  of,  or  the  day  following  the  treatment. 
These  symptoms  are  not  common  and  may  be  ascribed  to  the  nerve 
strain  or  to  a  systemic  reaction  such  as  that  described  on  page  293. 
In  no  instance  have  convulsions  or  other  alarming  s^onptoms  been 
noted. 

A  week  or  two  after  the  treatment  there  may  be  a  very  slight 
erythema  of  the  scalp  which  subsides  in  two  or  three  days  leaving 
pigmentation.  Pigmentation  may  develop  without  antecedent  ery- 
thema. A  few  hours  after  the  treatment,  especially  if  lead  foil  has  been 
used  for  protection,  there  may  be  a  temporary  er\i:hema  of  the  scalp 
and  even  of  the  non-hairy  parts  (page  214).  A  week  or  ten  days 
subsequent  to  the  treatment  all  the  ringworm  areas  are  likely  to 
become  inflamed  and  painful.  This  is  especially  marked  in  instances 
where  the  lesions  are  numerous  and  active  and  particularly  so  in  the 
suppurative  type  of  the  affection.  The  child  is  likely,  under  these 
circumstances,  to  show  toxic  sNTnptoms  including  a  more  or  less  general- 
ized erythematous,  pa])ular  or  squamous  eruption.  None  of  these 
symptoms  need  occasion  alarm. 

A  true  first-degree  radiodermatitis  /.  <?.,  an  erythema  developing 
from  five  to  ten  days  subsequent  to  the  treatment  and  enduring  for 
from  one  to  three  weeks,  may  or  may  not  be  followed  by  permanent 
alopecia.  The  outcome  is  simply  uncertain.  In  the  majority  of  such 
instances  the  hair  will  regrow,  although  its  reappearance  will  be  delayed 
and  the  new  growth  is  likely  to  be  sparse  and  not  of  good  quality.  If 
the  reaction  is  associated  with  edema  or  erosion  (second-degree  reac- 
tion) the  hair  in  all  probability  will  not  regrow. 

Ordinarily  the  defluvium  begins  about  the  end  of  the  second  week 
and  is  complete  bv  the  twentv-first  dav.  It  may  occur  a  few  davs 
sooner  or  a  few  days  later.  As  a  rule,  with  III  S.  I).,  all  the  hair  does 
not  fall  out.  The  diseased  hair  falls  but  some  healthy  hair  remains. 
A  complete  defluvium  is  not  necessary  for  a  cure  in  the  majority  of 
cases.  The  author  has  seen  cures  follow  very  incomplete  depilation. 
At  the  time  of  defluvium  there  niav  be  a  faint  ervthema,  which  dis- 
appears  in  a  few  days. 

Fig.  101  shows  a  head  that  has  i)een  depilated  by  the  Kienbock- 
Adamson  five-exposure  method.  It  will  be  noted  that  there  is  some 
hair  remaining.  The  patient  made  a  complete  recovery.  Figs.  103 
and  104  represent  a  patient  with  disseniiuated  ringwonn  before  and 
after  irradiation.  Fig.  104  sliows  tlie  tanning  so  often  seen  subsecjuent 
to  the  treatment. 
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The  hair  begins  to  regrow  in  from  one  to  three  niuiiths  subsequent   ■ 
to  tlie  deflu\'ium.     If  there  is  no  evidence  of  regeneration  in  six  months 
permanent  alopecia  will  be  the  result.    The  regrowth  of  hair  is  usually 
vigorous  but  at  times  it  is  sluggish.    These  variations  depenri,  appar- 
ently, upon  the  size  of  the  dose.     It  not  frequently  hap|)ens  that  the 
new  hair  is  of  different  quality  from  the  original  growth.     If  the  original 
growth  was  curly  the  new  hair  might  be  straight  and  rice  cersa.    It  i 
may  be  a  little  coarser  or  a  little  finer  in  texture.     Also,  the  color  may  i 
be  a  little  lighter  or  slightly  darker.    These  variations  appear  to  be  I 
idiosyncratic,     Sometimes  the  new  growth  of  hair  will  be  less  rapid  in  j 
the  ringworm  areas  than  on  i)ortions  of  the  scalp  where  there  was  no  1 
disease  (Fig,  11)5). 


t'lH,   105.^ — L'ncquiil  reBTowth  ol  hair 
where  hair  is  growing  sluwly  were  previously  ocnliiied  by  the  disease.     The  end-ratalt- J 
was  jM?rfpcl.     romparfi  with  Fig.  107. 

Possible  Dangers.— Tiie  possibU-  dangers  a3so<'iateil  with  the  a"H*yJ 
tri'Litnu-nt  uf  tinea  tonsurans  consist  of  first,  ]>eniiaiient  alopecia  andJ 
second,  injury  to  the  brain. 

MacLeod  disposed  of  the  second  item  as  long  ago  as  Ul(l9,  In  Lip. 
Fordyce's  clinic  over  121X)  patients  have  received  the  treatment  in  ] 
the  last  ten  years.  In  France  and  England  many  thousand  cases  have  1 
been  so  treated.  Yet  there  is  not  a  single  record  in  the  literature  of  1 
injury  to  the  brain— either  immediate  or  remote.  This  is  true  f or  | 
children  of  any  age,  even  infants,  and  with  any  quality  of  radiation, 
witli  the  understanding  of  course,  that  the  dose  is  limited  to  that  i 
required  for  epilation. 

Ten  or  fifteen  years  ago  permanent  alopecia  following  irradiation  for  J 
tinea  tonsurans  occurred  rather  frequently.     In  the  past  ten  years  it  j 
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is  doubtful  if  this  unfortunate  result  has  occurred  in  more  than  two  or 
three  in  a  thousand.  Most  of  the  experienced  operators  have  had  no 
such  cases  in  the  past  eight  or  ten  years.  The  author  had  one  case  of 
permanent  alopecia  in  1912,  the  result  heing  due  to  a  technical  error 
made  at  a  time  when  technic  was  comparatively  very  unreliable. 
Since  1912  not  a  angle  case  of  permanent  baldness  has  occurretlin  the 
author's  laboratories  in  spite  of  the  fact  that  the  technical  work  has 
been  done  by  a  number  of  phy^cians,  technicians  and  students,  always 
of  course,  under  proper  superviiaon.  .\s  far  as  can  be  ascertained  by 
e-\perience  and  a  knowledge  of  the  literature,  there  is  no  danger  of 
permanent  alopecia  without  an  antecedent  raditKlemiatitis  of  at  least 
the  first  degree.    There  is  no  danger  of  such  radiodermatitis  on  the 


scalp  unless  the  dose  has  excee<ied  Hli  S.  I),  (in  children  under  two 
years  of  age,  H 1  S.  1 ).)  or  unless  there  has  been  an  error  of  judgment 
such  as  using  irritating  chemicals,  repeating  the  .r-ray  treatment  too 
soon  in  case  of  relapse,  etc.  There  is  always  the  question  of  true 
idiosyncrasy  but,  fortunately,  this  unpleasant  possibility  is  very  rare. 

Fig.  106  shows  the  result  of  excessive  dosage,  namcl\-,  pennanent 
alopecia,  telangiectasia  and  atrophy. 

Williams  studied  the  hair  after  the  administration  of  intensive  and 
fractional  doses  of  .r-rays.  Ilcfoniid  no  nutritional  chiuigesin  the  hair 
after  a  single  epllating  dose.  When  rcjK'utcd  small  doses  had  been 
applie<l  to  the  scalp,  nutritive  alteration  of  the  hair  was  quite  marked. 
In  this  connection  Adamson  noted  ringed  hairs  (alternate  light  and 


338  DISEASES  DUE  TO  FVSGI 

dark  areas  due  to  irregular  air  content)  among  the  depilated  hairs 
following  a  single  epilating  dose.  It  can  be  said  with  certainty,  after 
fifteen  years'  experience  with  the  ar-ray  treatment  of  ringi^'orm  of  the 
scalp,  that  barring  excessive  dosage,  there  is  no  deleterious  eflFect  on 
the  hair. 

Subsequent  Treatment.— The  a*-rays  cause  depilation;  they  have  no 
direct  effect  on  the  fungus.  The  fungi  inhabit  the  hairs  and  when  the 
hair  falls  the  organisms  are  removed  from  the  follicles.  If  any  organ- 
isms remain  on  the  scalp  or  in  the  follicles  after  the  hair  begins  to  regrow 
the  disease  again  becomes  active.  Furthermore,  fungi  are  likely  to  be 
in  the  house,  in  the  clothing,  on  domestic  pets  and  animals  or  on  other 
chiklren,  so  that  when  the  hair  beghis  to  grow  reinfection  may  occur. 
To  avoid  relapse  and  reinfection  it  is  advisable  to  apply  antiparasitic 
treatment  to  the  scalp. 

Between  the  time  of  the  treatment  and  the  defluvium  and  during  the 
latter,  the  scalp  should  be  washed  daily  with  soap  and  water.  If  there 
is  considerable  inflammation  in  the  diseased  areas  a  wet  dressing  of 
alinninium  acetate  or  boracic  acid  is  indicated.  After  the  defluvium 
the  seal])  may  be  bathed  daily  with  a  1  to  5000  solution  of  corrosive 
sublimate  in  50  per  cent,  alcohol.  One  week  after  the  defluvium  it  is 
pennissible  to  apply  daily  a  5  per  cent,  ointment  of  ammoniated 
mercury  or  i)recipitated  sulphur.  Two  weeks  later  the  strength  of 
these  applications  may  be  increased.  Irritating  chemicals  should  not  be 
employed  for  the  first  few  weeks  after  the  treatment  and,  later,  when 
the\'  are  used  the  scalp  should  be  watched  for  signs  of  inflammation. 
At  the  slightest  sign  of  reaction  soothing  applications  must  be  at  once 
substituted. 

The  non-infected  children  of  the  same  family  should  receive  local 
chemical  applications  as  a  prophylactic  measure. 

When  the  hair  begins  to  fall  it  is  a  good  plan  for  the  mother  or  the 
nurse  to  aj)ply  pieces  of  zinc  plaster  to  the  scalp.  After  a  few  minutes 
these  are  removed  with  the  loose  hair  attached.  They  are  then  burned. 
The  procedure  is  repeated  once  or  twice  daily  in  order  to  avoid  spread- 
ing the  causative  organisms  about  the  house.  In  addition  it  is  well 
to  liave  the  child  wear  a  linen  skull  cap— one  that  can  be  boiled.  These 
details  are  especially  important  when  there  are  uninfected  children  in 
the  same  building. 

Criterion  of  Cure.  —After  the  hair  begins  to  regrow  the  scalp  is  watched 
for  l)r()ken  hairs  and  scaly  patches.  The  scales  and  hairs  are  then 
examined  microscopically.  If  spores  are  not  found  withhi  a  month 
the  patient  may  be  declared  cured  with  the  admonition  that  the  scalp 
must  be  kept  clean  and  sulphur  ointment  used  for  several  months  to 
avoid  reinfection. 

A  mild  pityriasis  (capitis  is  often  noted  after  irradiation  for  tinea 
tonsurans.  In  the  absence  of  spores  this  scaliness  should  be  treated 
as  seborrhea  capitis  and  not  as  ringworm. 
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—If  proper  precautions  are  taken  relapses  will  not  occur 
in  more  than  5  per  cent,  Kcinfectiou  occurs  a  little  more  frequently, 
Iteinfectiun  and  relapses  eonibiiied,  even  among  out-patients,  is  not 
greater  than  5  per  cent. 

Treatment  of  Eeinfection.— The  question  arises,  how  soon  after 
treatment  can  a  scali>  be  aRaiii  irradiated  in  case  the  first  treatment 
failed  to  effect  a  defluvium  or  in  case  of  relapse  or  reinfection? 

In  the  first  case  the  answer  is  six  weeks.  In  case  of  reinfection  or 
recurrence  the  scalp  nia,\-  be  again  irradiated  as  soon  as  the  hair  is 
prowinp  vigiimusly.  This  will  vary  from  three  to  six  months  or  even 
longer. 


I 


0«™iBfd  by 

The  author  has  had  numerous  rases  where  a  single  small  area  was 
"epilsteii  and  later  the  entire  scal]>  beetiine  infected,  necessitating 
f  uiHversal  defluvium.  As  soon  as  the  hair  bepan  to  grow  vigorously 
">  tJie  treated  area  the  entire  scalp  was  irradiated.  In  not  a  single 
"W»nc(!  was  there  a  permanent  alopecia  as  a  result  of  the  double 
^^P'^Ure  and  not  infrequently'  the  hair  began  to  grow  sooner  and  grew 
iv-^  rapidiv  in  the  original  patch  than  upon  the  rest  of  the  head 

*%  lori. 

'wijability  of  DepilatiBg  Entire  Scalp. —  Many  ringworm  patients 
"wii  first  :^<■(■ll  by  the  i.p.Tator.  present  only  one  or  a  few  small  areas 
■^  disease.  In  such  instjinces,  providiTit;  the  parents  have  the  intelli- 
8™^'^,  time  anil  interest  necessary-  to  carry  out  the  physician's  instruc- 
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tioiis,  it  is  piissil)le  to  ett'ui'l  a  fure  by  confining  the  treatment  to  the 
affected  areas.  As  a  rule,  espeeially  in  dispensary  work,  siieh  treat- 
ment ia  followed  by  a  dissemination  of  the  disease  throughout  the  entire 
scalp.    The  reasons  for  this  are: 

1.  At  the  time  iif  the  treatment  all  visible  areas  of  disease  are 
exjMised.  Hut  there  are  likelj'  to  be  infections  in  other  parts  of  the 
scalp  which  have  not  become  manifest  at  the  tune  of  the  treatment, 

2.  Infection  of  other  parts  of  the  -scalp  may  ix-cur  after  the  treat- 
ment in  spite  of  intelligent  prophylactic  measures.  The  fungi  may  Iw 
transferrer!  fn>m  old  to  near  areas  b\'  the  fingers  or  by  the  rap  or  hat. 
The  fungi  might  be  scattered  around  the  house  or  on  domestic  animals 
or  pets. 

■i.  Dissemination  of  t)u-  iifTcctioii  is  like!\-  to  (H'cnr  at  the  time  <.f  the 
defluvinm. 


it]  Fig.  lOS. 

Fig.  lOK  shows  a  scalp  with  a  silver-dollar-sized  area  of  ringworm. 
\  palm-sized  area,  including  the  lesion,  was  depilated  (l-'ig.  1(19). 
Shortly  after  the  deHuvium  the  disease  s]tread  over  the  entire  scalp 
as  showii  in  Kig.  IK).  In  this  picture  one  might  think  that  the 
si-alp  had  been  depilated  by  means  of  the  .r-ra,\'s.  .Such,  however,  is 
nut  the  case.  Ever.\'  hair  on  the  head  was  broken  ofl'  close  to  the  scalp 
as  a  result  of  the  disease.  Fig.  101  shows  the  same  head  after  de- 
pilation  by  the  fi\e-expH.surc  method.  Subsequently  the  hair  regrew 
luxuriantly  and  there  was  no  further  trouble.  Fig.  Ill  represents  a 
child  who  liad  se\eral  dime-sized  areas  of  ringworm  in  a  circumscribed 
area.  A  single  area  was  depilated  as  shown  in  the  picture.  The 
remainder  of  the  scalp  remained  normal  and  the  hair  regrew  in  the 
irradiated  area  in  the  usual  time. 

Hazen  records  a  private  patient  whose  mother  refused  to  have  the 
whole  scal|>  de|>ilate<i.  Thirt,\--four  different  treatments  were  given  to 
various-sized  patches  before  final  recovery  took  place.  Most  operators 
ha\e  had  this  same  experience.  '. 


I 
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aptcad  over  and  infei'ti'd  ilic  n^^^t  i>f  tliv  i^valp.  Tlif  disi'asi'  hu^^  i  iuisi'd  u  \>i,ixl.hiR  off  of 
lii]  the  hnir  Hiisp  1i>  thr  m'ulp.  Thiii  pirluri;  wus  taken  Ivfcn-  thi>  live-rxposurp  uicthod 
wna  unxt.     The  psiiciit  whs  Ulrr  trpuled  by  this  nirttind  witli  a  pcrFccI  n«iilt. 
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For  various  reasons  it  is  preferaWe  at  times  to  limit  the  treatment  tii 
line  or  more  circmnseribed  areaH.  In  such  instances,  in  orfier  tn  avoid 
dissemination  of  the  affection,  it  is  advisaltie  to  wash  the  head  daily 
with  soap  and  water  and  to  apply  a  1  to  50(X)  solution  of  corrosive  subli- 
mate in  5()  per  cent,  alcohol  to  the  entire  scalp  with  the  exception  of  the 
irradiatetl  area.  The  treated  area  should  be  covered  with  zinc  plaster 
which  is  not  to  be  removed  until  the  third  week,  at  which  time  the 
depilated  hair  wlli  come  away  with  the  plaster  and  may  be  burned. 
New  areas  of  disease  that  develop  in  the  meantime  must,  of  course,  be 
irradiated.  It  is  advisable,  also,  to  destroy  old  hats  and  caps  and  to 
search  for  the  original  source  of  infection. 

In  in.stitutions  and  dispensaries  it  is  usual  and  advisable  to  depilate 
the  entire  scalp  even  in  instances  where  only  one  small  area  of  disease 
is  demonstrable. 


Permanent  Injuries  Not  Caused  by  X-ray3.— The  j-rays  arc  soinetiit 
blamed  for  undesirable  results  that  are  partly,  often  entirely,  due 
the  disease.  In  V'lg.  112  is  showii  a  boy  who  had  multiple  ken'^ 
(suppurative  ringwonn).  The  pemutnent  alopecia  here  is  partly  ^ 
to  the  destruction  of  the  liair  follicles  by  the  disease  and  partly  by 
j-ra^s  which  were  administered  in  a  dispensary  by  the  fracti^ 
method  many  years  ago.  Areas  of  permanent  alopecia  have  fct: 
noted,  also,  in  small-spored  ringworm. 

Treatment  of  Kerion. —Tinea  tonsuran.s  consists  usually  of  eir- 
scribed,  few  to  nunierons,  areas  of  seahness  and  broken  haJni.  -75 

affection  may  be  localized,  generalized  over  the  si'alp  or  even  in'ive-r-sw^i 
di.«tributtil  over  the  scalp.     Occasionally  tine  meets  with  a  piis-pt-o«/(/o." 
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ing  t>"pe.  Here  there  is  one  ur  there  may  be  numerous  hoggy  swellings 
known  as  kerions,  llareiy  this  type  of  ringworm  may  invade  the  entire  i 
scalp  and  give  rise  to  considerable  pain,  fever,  and  rather  serious  toxio  ■] 
aymptoms.  In  miltj  examples  of  kerioii  the  affection  may  undergo  a 
spontaneous  cure  through  liestruction  of  the  hair  follicles  by  suppura- 
tion. Because  of  the  danger  of  dissemination  it  is  preferable  to  irradi- 
ate these  cases  at  once.  If  thought  advisable  a  single  area  may  be 
treated  but  in  most  instances  it  is  preferable  to  depilate  the  entire  scalp. 
.Se^■e^al  years  ago  the  author  saw  a  patient  who  demonstrated  the 
possible  seriousness  of  this  alTection.  The  patient  was  a  boj'.  eight 
years  of  age,  who  contracted  the  suppurati\'c  t.\  pc  of  ringw't»rni  from  a 
domestic  farm  animal.     The  affection  became  disscniinateil  over  the 


—  Korion  tyiie  ol  riiigwonu  after  deiiiiat 


scalj>.  The  scalii  was  almost  a  solid  masa  of  kerions  and  tliiTc  was 
considerable  pus  hetwcen  the  scalp  and  the  skull.  The  hoy  was  .suffer- 
ing from  pain,  lack  of  sleep  and  he  was  emaciateil  and  tfixic.  The 
scalp  was  irradiated  by  the  five-area  metbiKl  but  the  patient  almout 
died  before  the  hair  fell  out.  After  the  defluvium  recover^'  was  rapid 
and  uneventful.  Much  to  the  surpri.se  of  those  intereate<l  there  was, 
subsequently,  a  giHxl  head  of  hair.  The  author  bas  had  a  number  of 
similar  but  less  severe  cases  and  as  a  rule  the  hair  returns  in  the  areas 
formerly  affected.  At  times,  however,  the  suppurative  t>'pe  of  the 
disease  produces  scarring  and  more  or  less  permanent  alopecia.  Fig. 
113  shows  a  case  of  multiple  kerion  after  depilation. 

Fractional  Versos  bitensive  Treatment.— If  one  desires  to  do  so  it  is 
possible  to  obtain  a  dcfiuviiun  by  means  of  fractional  doses.  Hi  S,  D. 
applied  e\er\'  fi\-c  da\s  for  four  doses,  or  H§  S.  1).  weekly  for  three 
doses,  will  usnally  suffice  for  the  desirwl  result.     Occasionally  it  is 
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iiecpssarj-  tr)  slightly  iiicwase  the  size  of  these  doses.  If  defliivium  does 
not  follow  this  routine  it  iiia\'  Ix-  re{>eated  in  a  month  with  larger 
amounts.  The  hair  usually  l>egins  to  fall  out  alwut  a  week  after  the 
last  treatment. 

Badium.— The  author  ha.s  nut  heart)  of  radium  being  employed  in  the 
treatment  of  tinea  tonsurans.  Its  successful  use  o\'er  the  entire  convex 
surface  of  the  head  would  require  a  special  technic  with  a  specially 
constructed  applicatorcontainingalai^  amount  of  emanation.  Small, 
isolate*]  areas  mi|;ht  well  lie  treated  with  flat  or  flexilile  applicators. 
The  "  soft"  and  "  medium"  beta  rays  should  be  eliminater]  by  means  of 
suitable  screening. 


FATUS. 


1  rea<lily  cured  by  dcmiatological 
iilicatc)!.     In  fact  their  efficacy  iu 


I'avns  iif  tlic  gliibrous  s. 
remedies  that  tlic  .i-rays  ai 
such  lesions  i.s  not  known. 

I'avns  of  the  scalji  is  a  niucli  mure  stubborn  iiiid  serious  disease  than 
is  tinea  tonsurans.  I  'nhkc  the  latter  it  attacks  individuals  of  any  age. 
When  occurriiifi  in  cliildreii  it  (i<ies  nut  undergo  spontaneous  involu- 
tion at  the  age  of  jiulnTty.  It  destroys  the  hair  follicles  and,  unless 
cured,  will  effect  atrophy  of  the  scalj>  and  pennanent  baldness. 

It  i.s  tJie  consensus  of  ojiinidn  lUuoTig  (lerTnatologist>  thai  the  .r-rays 
offer  practically  the  only  siitisfaclury  nictlmd  of  conibatiTig  this  disease 
«hen  it  attacks  the  scalp.     Hadiuin  luis  not  yet  been  used  for  this 


purpose. 

The  technic  of  ap]>lication  i; 


■tty  the 


;\>  that  outlined  for 


the  trcatiiinit  of  ringworin  of  the  scalp.     There  are,  however,  a  few 
Hpccial  features  tn  he  ennsiilered.     In  favus  the  scalp  is  likely  to  be 


Fio.  1  in. — SatiiP  nB  Fill.  115,  u((.t  the  AiliiTniV;ii  fivc-piiEweiiri-  luplhod. 
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covered  with  tliick  and  rather  adherent  crusts  (Fig,  114).  These 
cnists,  unless  remo\'eii,  will  by  absorption  <if  radiation,  prevent  epila- 
tion. It  is  not  safe  to  increase  the  dose  because  some  parts  of  the  scalp 
may  not  be  crusteti.  The  usual  procedure  is  to  use  a  soap  poultice  for 
two  or  three  days  after  which  the  cnists  can  be  easily  removed. 

Subsequent  to  the  treatment  it  is  very  important  to  wash  the  scalp 
daily  and  as  soon  as  defluvium  occurs  daily  applications  of  a  1  to  5fl(X) 
solution  of  corrosive  sublimate  should  be  made.  The  antiparasitic 
ointments  (5  to  10  per  cent,  ointments  of  ammoniated  mercury,  or 
precipitate*!  sulphur  or  iodine)  should  be  begun  from  four  to  six  weeks 
after  the  treatment  and  continued  (in  the  absence  of  inflammation)  for 
several  months. 


The  dose  rcquii-^i  for  epilation  in  cases  of  fa\'tis  is  likely  to  be  a  little 
larger  than  fur  tinea  tonsurans.    This  may  be  due  in  part  to  the  fact 
that  the  patients  are  as  a  rule  older.     But,  also,  the  favus  scalp  appears 
to  be  less  sensitive  to  the  j-rays.     It  is  the  rule  to  give  \\\\  S.  D.  I 
for  the  first  treatment.     If  this  fails  to  depilate,  a  second  application  i 
coiisLstiiig  of  HlJ  H.  I),  is  administered  one  month  after  the  first  \ 
treiitinent.     The  author  had  one  patient  who  required  a  dose  consisting'  J 
(if  Hi  J  S.  I).     Figs.  115  and  116  show  a  favus  scalp  before  and  after  J 
the  defluvium  occasioned  by  the  Kienbock-Adamson  five-exposure 
method.     In  this  instance  the  dose  for  each  area  was  HlJ  S.  I). 

In  spite  of  e\"ery  itrecantion  the  jtercentagc  of  recurrences  is  likely  ] 
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to  be  hif;h.  Sometimes  it  is  necessary  to  dei)ilate  two  or  three  times  in 
the  course  of  nine  months  before  a  jx^nnanent  cnre  is  efTtK*t«L 

Before  treatment  the  physician  should  ex])lain  the  nature  of  tlie 
disease  to  the  patient  or  the  patient's  family.  Otherwise  the  physician 
may  be  unjustly  blamerl  for  the  possible  atrophy  and  permanent  bald- 
ness occasioned  by  the  disease.  Fig.  117  shows  a  case  of  favus  that 
has  been  cured  by  means  of  the  x-rays.  The  entire  scalp  was  depilated . 
The  atrophy  and  baldness  are  due  to  the  disease  and  were  present  before 
the  x-ray  treatment  was  given. 

To  avoid  the  sequelse  of  the  disease  it  is  necessary  to  make  an  early 
diagTiosis  and  to  apply  ir-ray  treatment  before  j)ermanent  injury  to  the 
scalp  has  occurred. 

TINEA  BARBA. 

(Ringworm  of  the  Beahd.) 

The  j-rays  form  a  convenient  and  certain  treatment  for  the  relief 

of  tinea  barbae.    Some  dermatologists  consider  it  to  be  the  best  form  of 

treatment  for  this  affection.    As  a  rule  the  lesions  are  isolated  and  not 

TivuneroiLs.    At  times  a  number  of  the  boggy  lesions  constitute*  a  j)alni- 

>ized  area  of  disease.    Occasionally  the  lesions  are  scattered  over  the 

entire  bearded  region. 

Tedmic.— The  technic  of  application  will  depend  upon  the  extent  of 

^be  affected  surface.     If  there  are  one  or  a  few  scattered  lesions  it  will 

suffice  to  irradiate  the  individual  lesions.     A  cluster  of  lesions  niav  be 

^J*ated  in  the  same  manner.    At  times  it  is  necessary  to  irradiate  one 

*'de  of  the  face  and  neck  and  even  the  entire  bearded  region.     The 

parts  of  the  face  and  neck  occupied  by  the  beard  constitute  an  exceed- 

"'?'y  in-egular  surface  and  yet  it  is  necessary  to  api)ly  an  t^iual  amoinit 

.^'radiation  to  the  entire  affected  region.    This  may  be  done  by  divid- 

"^^  the  beanled  region  into  a  number  of  small  areas  by  means  of  a  skin 

^^cil.    Each  area  is  then  irradiated  in  succession,  care  being  taken 

^^^  to  expose  the  same  area  twice  and  to  avoid  overlap])i]ig  of  the 

^^tinents.     For  many  reasons  this  is  an  unsatisfactorv  and  obsolete 

^ionbdck's  Btothod.— Four  exposures  are  necessary: 

^-  Anode  placed  directly  over  the  center  of  the  u])per  lip. 

^-  Anode  placed  directly  over  the  angle  of  the  right  mandible. 

'^'  Anode  placed  directly  over  the  angle  of  the  left  mandible. 
.  *^-  Anode  plac^ed  over  the  center  of  the  chin  in  such  manner  that  an 
r^^ginarj'  line  from  the  target  to  the  center  of  the  chin  will  be  almost 
^^  not  quite  at  right  angles  with  a  shnilar  line  ruiming  from  the  center 
i\,^^^  upper  lip  to  the  target  with  th(»  tube  ])laced  in  the  first  ])()sition 
^^%  118).  To  obtain  this  position  it  is  necessary  to  have  a  s])ecially 
^'J>nstructed  head-rest  or  to  ])lace  a  sand-bag  or  a  block  of  wocxl  under 
the  back  of  the  neck  with  the  patient  lying  on  his  back.  A  folded 
pillow  will  not  answer  the  i)urpose  because  it  may  allow  change  of 
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position  during  the  exiHwure.     As  shown  in  the  figure  the  heati  must 
be  thrown  well  back. 

Diatance.— The  distance  may  be  anj-thing  over  (ij  inches.  A  shorter 
distance  does  not  permit  the  proper  spreading  of  the  radiation.  A 
distance  of  8  inches  is  recommended.  It  is  very  important  that  the 
target-skin  distance  be  the  same  for  each  exposure.  It  is  equally 
important  that  the  head  remain  steady  during  the  exposures. 


and  hyperlrirhosis 


Dose.— I'lifortunatelj-  the  ({uestion  of  dosage  is  not  as  simple  as 
when  treating  the  scalp.  On  the  scalp  an  eptlating  dose  will  effect  a 
deflu\ium  without  jirovoking  an  erythema.  On  the  face  an  epilating 
dose  (  Hi  S.  I>.)  is  very  likely  to  cause  a  first-degree  reaction  and  even 
a  mild  first-tlegree  reaction  may  be  followed  several  months  later  by 
telangiectasia.  Furthemiore,  in  many  instances,  it  requires  a  larger 
amount  of  radiation  to  depilate  the  beanl  than  it  does  to  depilate 
scalp  hair.  The  author  is  not  in  favor  of  applying  a  full  epilating  dose 
at  one  sitting  in  the  treatment  of  tinea  barbiv.  One  can  try  H|  S.  D. 
and  the  result  may  be  a  deHuvium.  Experience  has  shown  that  with 
properly  spaced  fractional  doses  it  is  possible  to  depilate  the  beard 
without  effecting  an  erjthematous  reaction.  Such  treatment  consists 
of  ll\  S.  I>.  every  five  days  for  from  four  to  six  treatments  or  H^  S.  D. 
ever>-  seven  days  for  three  or  four  treatments.  In  cases  where  the 
hair  has  not  fallen  out  as  a  result  of  a  total  <lose  of  II I  i  S.  D.orHlJ 
S.  1),  and  there  is  no  evidence  of  erjthema,  one  may  procved  cautiously 
at  the  same  rate  until  the  total  amounts  to  H2  S,  I). 
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Protection.— The  entire  head,  above  the  bearded  region,  is  to  be  pro- 
tecteil  with  lead  foil  or  other  suitable  material.  The  same  is  true  of  the 
chest  and  shoulders  and  the  unaflFected  porticms  of  the  anterior  and 
lateral  surfaces  of  the  neck.  The  mucous  surfaces  of  the  lips  should  be 
carefully  protected.  This  is  important.  If  the  hairy  portion  of  the 
upper  lip  is  not  involved,  it  too  should  be  covered  with  protecting 
material. 

The  four-exposure  method  does  not  provide  an  absolute  equaliza- 
tion of  dosage  for  such  an  irregular  surface  but  it  answers  practical 
rei|uireinents.  It  is  obvious  that  equalization  of  quantity  is  occasioned 
by  the  overlapping  of  the  oblique  rays  from  the  four  exposures  in  accord- 
ance with  the  law:  intensity  varies  inversely  as  the  square  of  the  dist- 
ance or  directly  as  the  sine  of  the  angle. 

Additional  Treatment.— Care  must  be  taken  not  to  allow  the  use  of 
irritating  lotions  or  ointments,  immediately  before,  during  or  immedi- 
ately after  the  treatment.  The  parts  may  be  bathed  daily  with  soap 
and  water  and  sha\'ing  is  permissible.  If  the  entire  bearded  region 
has  bi*en  irradiated,  mild  antiparasitic  salves  (3  to  5  per  cent,  ammoni- 
ated  mercury  or  precipitated  sulphur)  may  be  applied  a  week  or  two 
after  the  deflu\'ium  providing  they  do  not  provoke  inflammation.  If 
isolated  areas  have  been  treated  the  rest  of  the  bearded  region  should 
recxnve  antiparasitic  treatment,  care  being  taken  to  avoid  the  irradiated 
parts. 

When  defluvium  occurs  {he  result  is  a  cure.  Reinfections  and 
n»lapses  are  not  common.  If  the  epilating  dose  is  administered  at 
one  sitting  the  hair  falls  out  in  two  or  three  weeks.  When  the  treat- 
ment is  administered  fractionally,  defluvium  usually  occurs  four  or  five 
weeks  subsequent  to  the  first  exposure.  The  quality  of  radiation  is 
of  no  importance  excepting  that  it  is  possible  that  with  filtered  rays 
there  is  a  little  more  latitude  between  the  amount  necessary  for  depila- 
tion  and  the  amount  that  will  provoke  an  erythema.  The  ei)ilating 
dose  for  filtered  radiation  is  from  Hl^  S.  1).  to  H2  S.  1).  The  latter 
dose  is  ver^'  likely  to  eflFect  a  mild  first-degree  reaction  on  the  skin  of  the 
face  and  anterior  neck. 

Radium.— The  author  is  not  aware  of  attempts  to  treat  this  disease 
^^•ith  radium.  Isolated  lesions  should  respond  well  to  such  treatment 
if  properly  applied.  The  treatment  of  the  entire  bearded  region  with 
radium  can  be  done  but  wnth  less  facility  than  with  .r-rays.  If  radium 
is  employed  one  should  screen  the  applicator  so  as  to  utilize  the  gamma 
or  the  more  penetrating  of  the  beta  rays.  If  ''soft"  and  "medium" 
beta  rays  are  employed  erythema  without  defluvium  is  likely  to  result. 
For  the  same  reasons  as  given  for  j'-rays,  fractional  treatment  is 
preferable. 

ONYCHOMYCOSIS. 

(Favus  and  RiNr.woRM  OF  THE  Nails). 

Roentgenization  is  of  somewhat  uncertain  value  in  this  exceedingly 
recalcitrant  affection.    The  difficulty  of  ascertaining  its  real  value  is 
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largely  a  matter  of  diagnosis.  Cultural  or  at  least  microscopical 
verification  is  usually  necessary  to  support  a  clinical  diagnosis  and  it  is 
unwdse  to  record  statistics  relative  to  the  treatment  of  onychomycosis 
without  such  confirmation. 

There  is  not  the  slightest  question  regarding  the  efficacy  of  the 
ar-rays  in  some  cases  of  onychomycosis.  The  author  has  a  record  of 
96  cases  of  onychomycosis  that  have  been  roentgenized.  In  30  cases 
the  diagnosis  was  verified  by  microscopical  examination.  Of  these, 
10  cases  made  a  prompt  recovery,  8  cases  recovered  after  prolonged 
treatment  (18  cures)  and  12  cases  failed  to  improve. 

In  a  few  instances  the  rapidity  of  cure  was  astonishing  as  not  more 
than  SIX  or  eight  fractional  applications  were  administered.  Wise,  in 
a  verbal  communication,  tells  of  3  similar  cases.  In  other  instances 
as  many  as  ten  intensive  treatments  were  given  before  the  desired 
result  was  obtained. 

The  author  is  not  prepared  to  state  which  is  the  better  treatment— 
intensive  or  fractional— insofar  as  concerns  efficacy.  Other  forms  of 
treatment  are  so  difficult  of  administration  and  so  disappointing  in 
results,  that  it  seems  permissible  to  say  that  while  all  cases  will  not 
respond  favorably  to  roentgenization  yet  such  treatment  is  the  method 
of  election  and,  if  possible,  should  be  given  a  trial. 

Technic— Before  applying  the  a*-rays  the  nails  should  be  prepared 
for  the  treatment.  Thev  should  be  soaked  for  an  hour  or  two  in  hot 
soapsuds,  then  scraped  with  a  knife. 

If  there  is  no  paronycliia  only  the  nail  should  be  irradiated.  If 
there  is  paronychia  it  is  necessary  to  expose  the  skin  for  one  quarter  of 
an  inch  around  the  nail. 

It  is  not  wise  to  evoke  an  erythema  of  the  skin  around  the  nail, 
therefore  fractional,  semi-intensive  or  subintensive  doses  are  indicated. 
If  the  nail  is  tliick  and  it  is  not  necessary  to  irradiate  the  surrounding 
skin,  intensive  and  even  hyperintensive  doses  may  be  administered. 
The  nail  will  absorb  a  considerable  quantity  of  this  radiation. 

Because  of  the  difference  in  toleration  between  the  nail  and  the  skin 
it  is  a  good  idea  to  apply  a  larger  dose  to  the  fonner  than  to  the  sur- 
rounding parts.  Because  the  affection  is  under  the  skin  (paronychia) 
and  in  and  under  the  nail  (onychia)  filtration  may  be  of  advantage. 

The  affection  often  involves  several  nails.  It  is  possible  to  so 
arrange  the  hands  that  from  two  to  six  nails  can  be  treated  with  one 
exposure.  By  closing  the  hands  and  ])lacing  the  knuckles  together  the 
thumb  nails  are  approximated.  The  nails  of  the  index,  middle  and 
ring  fingers  of  both  hands  can  be  placed  on  the  operating  table  in  such 
manner  that  they  will  fall  well  within  the  field  of  radiation  and,  there- 
fore, may  be  exposed  at  one  time.  AVith  tiie  exce})tion  of  the  nails 
of  the  great  toes,  which  are  appr()ximatc<l  and  treated  sinniltaneously 
it  is  customarv  to  irradiate  each  toe  nail  sci)aratclv. 

It  is  not  known  how  the  or-rays  efVect  a  cure  in  ringwonn  of  the  nail. 
There  is  no  sudden  defluvium  after  an  intensive  treatment  followed  by 
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a  period  of  quieHcence  and  then  regeneration  as  ia  seen  in  temporary 
alopecia,  but,  nevertheless  there  may  be  an  analogy.  The  author  has 
seen  the  shedding  of  a  naii  after  an  intensive  treatment,  but  the  process 
is  very  slow,  the  old  nail  being  gradually  expelled  as  the  new  one  grows. 


It  is  possible,  therefore,  that  the  efficacy  of  tlie  .r-rays  lies  in  their 
ability  to  temporarily  arrest  development  which  Is  followeil  by  the 
shedding  of  the  old  nail  as  the  new  one  develops  and  that  this  phenome- 
non is  so  gradual  that  it  is  usually  overlooked.     On  the  other  liand. 
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cases  have  been  observed  where  the  disease  disappeared,  apparently 
as  a  result  of  roentgen  therapy,  and  there  was,  at  no  time,  any  notice- 
able arrest  of  growth.  In  these  instances  the  older  and  diseased 
portion  of  the  nail  was  gradually  cut  away  and  the  newer  growth 
remained  healthy. 

Antiparasitic  remedies  should  not  be  employed  two  weeks  previously, 
during,  nor  for  two  weeks  subsequent  to  roentgen  treatment,  unless  of 
very  mild  strength  such  as  a  solution  of  corrosive  sublimate  1  to  5(XX)  or 
a  3  per  cent,  ointment  of  ammoniated  mercury  or  precipitated  sulphur. 
The  author  dispenses  with  these  remedies  entirely  and  depends  upon 
soap  and  water  for  cleanliness  and  prophylaxis.  Relapses  are  not 
common. 

P'igs.  119  and  120  show  a  case  of  onychomycosis  before  and  after 
roentgen  treatment.  The  clinical  appearance  is  more  suggestive  of 
dystrophy  but  spores  were  found  in  the  scrapings,  and  cultures  were 
obtained  from  scrapings  from  the  nail  of  the  index  finger  of  the  right 
hand.  These  spores  resembled,  morphologically  and  culturally,  those 
of  ringworm.  There  were  no  lesions  of  psoriasis  or  eczema  on  the 
bodv.    The  duration  was  one  year. 

Radium.— The  author  has  not  employed  radium  in  the  treatment  of 
onychomycosis  nor  has  he  seen  reference  to  such  treatment  in  the 
literature.  Radium  rays  will  certainly  be  fully  as  efficacious  as  will 
the  .r-ra\'s  if  properly  applied.  On  account  of  the  convexity  of  the 
nails  a  flat  applicator  is  not  suitable  unless  placed  at  a  considerable 
distance.  It  would  seem  preferable  to  use  a  flexible  applicator  com- 
posed of  tubes  containing  emanation  or  radium  salts,  such  applicator 
being  placed  at  a  distance  of  several  centimeters. 

RINGWORM  OF  THE  GLABROUS  ^KIN. 

Roentgen  therapy  is  of  no  value  in  ordinary  ringworm  of  the  glabrous 
skin— tinea  cruris,  tinea  circhiata,  etc.  When  ruigworm  fungi  produce 
lesions  of  eczematous  type,  irradiation  may  be  of  considerable  service. 
Eczematoid  ringworm,  eczema  marginatum,  etc.,  will  be  found  in  the 
chapter  on  eczema. 

ACTINOMYCOSIS. 

Actinomycosis  is  a  rare  disease  and  not  many  examples  of  the 
affection  have  been  treated  with  tlie  .r-rays.  From  personal  observa- 
tion and  a  review  of  the  literature,  the  author  is  of  the  opinion  that  the 
roentgen  rays  or  radium  rays  arc  not  only  indicated  in  this  stubbohi 
and  serious  disease  but  that  such  treatment  is  superior  to  any  other. 
Unfortunately  most  of  the  reports  found  in  the  literature  state  that 
both  potassium  iodide  and  .r-rays  were  used  and  wliilc  the  opinion 
prevails  that  the  involution  of  the  ulcers,  sinuses  and  nodules  was  due 
to  the  a*-rays,  yet  the  fact  that  potassium  iodide  was  administered 
makes  the  cause  of  the  recovery  a  little  uncertain.     The  fact,  however. 
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rpft'  cases  of  actiiionnensis  havr  hern  ciireil  with  .c-nivs  (or 
akirie  shows  that  sii,-h  tivutMirnI  is  rliiriu'lnus. 


iPalieut  relciTPd  hy  Dr.  F.  atoiukp.) 


^  sutcessfuilj'  treated  3  fases  of  actinomycosis  with  a  com- 
o(lide  of  potash  iiittTiiully  and  .r-rnys  locally.      IJevan 
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makes  a  similar  report.  Harris  cured  a  severe  case  of  actinomycosis 
of  the  neck  by  the  combined  treatment.  These  authors  are  convinced 
that  the  x-rays  cause  the  involution  of  the  cutaneous  lesions. 

Zeisler  failed  to  cure  a  case  with  iodide  of  potash.  The  lesions 
disappeared  apparently  under  the  influence  of  the  x-rays  but  the 
patient  also  took  copper  sulphate  internally.  Ileyerdahl  reports  the 
cure  of  3  cases  each  of  which  received  but  one  radium  application. 
A  fourth  patient  died. 

Figs.  121  and  122  show  a  patient  with  actinomycosis,  before  and 
after  roentgen  treatment.  The  patient  was  referred  to  the  author 
by  Dr.  F.  Steinke,  of  Elizabeth,  N.  J.  One  intensive  dose  of  x-rays 
was  administered.  Improvement  began  in  two  weeks  and  the  eruption 
disappeared  in  a  month.  A  second  intensive  dose  was  given  at  this 
time  as  a  prophylactic.  There  was  no  local  recurrence  and  no  exten- 
sion of  the  disease  to  other  parts.  The  patient  received  no  treatment 
other  than  the  x-rays.  The  clinical  diagnosis  w^as  confirmed  by 
microscopic  examination. 

Pels  reports  a  case  of  actinomycosis  of  the  hand  that  was  clinically 
cured  after  receiving  three  intensive  x-ray  treatments,  the  radiation 
being  filtered  through  ^  mm.  of  aluminium.  The  patient,  however, 
also  received  iodide  of  potash  internally. 

With  such  limited  experience  very  little  can  be  said  relative  to 
technic.  The  author's  case  was  cured  bv  intensive  treatment  as  also 
were  those  treated  by  Pels  (x-rays)  and  Heyerdahl  (radium).  The 
others  were  treated  with  very  small  repeated  applications  (exact  dosage 
unknown).  Inasmuch  as  the  lesions  are  deep-seated,  filtered  radiation 
might  have  given  even  better  results.  All  the  cases  so  far  treated  with 
.r-rays,  with  the  exception  of  the  one  reported  by  Pels,  have  received 
unfiltered  radiation.  Filtration  is,  of  course,  necessary  when  radium 
is  used,  as  only  the  "hard"  beta  rays  or  the  gamma  rays  should  be 
utilized. 

It  will  be  interesting  to  ascertain  the  effect  of  heavily  filtered  x-rays 
or  gamma  rays  on  the  lesions  of  systemic  actinomycosis. 


BLASTOMYCOSIS. 

What  has  been  said  under  actinomycosis  answers  pretty  well  for 
blastomycosis.  It  is  not  (jiiite  so  rare  so  that  there  arc  a  larger  number 
of  recorded  cases  treated  with  x-rays.  So  far  only  the  cutaneous 
lesions  have  been  treated.  It  would  be  very  interesting  to  learn  the 
effect  of  irradiation  on  the  visceral  lesions. 

Pusey,  Gilchrist,  Ornisby,  Fisclikin,  Zeisler  and  others  have  cured 
cases  of  cutaneous  blastomycosis  with  a  (•()nil)iiiati()n  of  potassium 
iodide  and  x-rays.  Ormsby  conij)lete<l  several  cures  with  the  x-rays. 
Montgomery',  Oulmann,  Knowles,  and  Pusey  record  cases  where  there 
was  great  improvement  following  the  use  of  .r-rays  without  any  other 
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treatment.    The  patients  were  presented  at  society  meetings  and 
recorded  before  the  cure  was  completed. 

Davis  presented  a  patient  afflicted  with  blastomycosis  before  the 
Philadelphia  Dermatological  Society.  Iodide  of  potash  proved  useless 
in  this  case.  The  lesions,  when  the  patient  was  presented,  had  almost 
disappeared  as  a  result  of  roentgenization.  Montgomery  records  a 
case  of  cutaneous  and  systemic  blastomycosis.  The  cutaneous  lesions 
disappeared  under  .r-ray  treatment  but  they  recurred  and  the  patient 
died.  Winfield  presented  an  interesting  case  of  blastomycosis  before 
the  New  York  Dermatological  Society.  Iodide  of  potassium  had 
proved  useless.  The  eruption  disappeared  entirely  under  the  influence 
of  the  j-rays.  Ravogli  found  .r-rays  more  useful  than  iodide  of  potash. 
Simpson  records  a  complete  cure  of  a  case  of  cutaneous  blastomycosis 
with  radium. 

The  author  has  cured  several  cases  of  localized  cutaneous  blasto- 
mycosis with  both  fractional  and  intensive  doses  of  .r-rays.  There  was 
a  relapse  in  only  one  case.  In  most  of  the  cases  the  lesions  disappeared 
as  a  result  of  one  or  two  intensive  treatments  or  from  six  to  twelve 
fractional  applications.  In  one  instance,  a  farmer  with  a  lesion 
occupying  the  entire  dorsal  surface  of  one  hand,  the  treatment  •was 
apparently  ineffectual.  After  receiving  two  intensive  treatments  the 
patient  returned  home  discouraged.  A  letter  was  received  from  him 
in  three  weeks  stating  that  the  lesion  had  disappeared  shortly  after 
returning  home.    Xo  other  treatment  had  been  given. 

All  the  cases  so  far  treated  with  jr-rays  have  been  given  unfiltered 
radiation.  As  a  rule  cutaneous  blastomycosis  is  not  as  deep-seated 
as  are  the  lesions  of  actinomycosis.  It  is  questionable  if  a  filter  would 
add  to  the  value  of  the  treatment  unless  the  lesions  are  unusually 
deep-seated  or  when  the  viscera  are  involved. 

It  is  possible  that  x-rays  and  radium  may  be  found  of  service  in 
sporotrichosis,  amebiasis  cutis,  dermatitis  coccidiodes  and  nocardiosis 
cutis.  In  these  affections,  however,  internal  treatment  is  usually 
quickly  efficacious.  J.  B.  Shelmire,  of  Dallas,  and  E.  D.  Crutchfield, 
of  (jalveston,  have  successfully  treated  sporotrichosis  with  x-rays 
without  the  use  of  iodide  of  potash  or  other  remedies  (verbal  com- 
munication). 
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CHAPTER  XXII. 
PXZEMA.^ 

The  conditions  discussed  in  this  chapter  are: 

1.  Dermatitis  Venenata.  5.  Infantile  Eczema. 

2.  ficzematoid  Ringworm.  6.  Dermatitis  Seborrheica. 
8.  Eczema  Marginatum.  7.  Intertrigo. 

4.  Neurodermatitis  and  8.  Regional  Eczema. 

Lichenification.  9.  Eruptive  Types  of  Eczema. 

The  jr-rays  have  been  used  successfully  in  the  treatment  of  eczema 
almost  from  the  very  beginning  of  roentgen  therapy.  Ullmann  recom- 
mended such  treatment  for  chronic  eczema  as  far  back  as  1900. 
Jutassy,  Schiff  and  Freund,  Hahn,  Sjogren  and  Sederholm,  Albers- 
Schonberg,  Mackey,  Scholtz,  and  others,  found  that  subacute  and 
chronic  eczematous  lesions  disappeared  as  a  rule  with  great  rapidity 
as  a  result  of  a  few  mild  jr-ray  treatments.  Williams,  Meek,  Pusey, 
Allen,  Hyde,  Montgomery  and  Ormsby,  Robinson,  and  Zeisler  were  the 
first  to  employ  x-rays  for  this  purpose  in  the  United  States.  Pusey 
and  Williams  determined  that  irradiation  was  useful  in  acute  as  well 
as  subacute  and  chronic  eczema. 

In  the  past  twenty  years  it  seems  that  almost  every  dermatologist 
and  roentgenologist  has  written  on  this  subject.  Certainly  the  litera- 
ture is  voluminous,  and  for  the  most  part  the  articles  are  only  of 
historical  interest.  There  are  advocates  of  fractional  treatment  and 
advocates  of  intensive  treatment.  Many  of  the  early  workers  did  not 
hesitate  to  produce  reactions.  Very  early  the  opinion  was  unanimous 
that  in  most  instances  the  lesions  of  eczema  disappeared  with  astonish- 
ing rapidity  under  the  influence  of  very  small  doses  and  in  practically 
all  cases  the  itching  was  relieved  at  once.  At  first  it  was  thought  that 
the  clinical  cure  might  be  pennanent  but  later  it  was  found  that 
recurrences  were  common. 

Modern  writers  are  perhaps  even  more  enthusiastic  than  were  the 
earlier  authors.  The  results  are  better  today  because  of  greater 
ability  to  select  cases  and  because  modern  technic  practically  precludes 
injury.  All  modern  text-books  on  dermatology  and  roentgen  therapy 
call  attention  to  the  efficacy  of  irradiation  in  the  treatment  of  eczema, 
especially  the  chronic  types.  Wise  has  found  the  or-rays  especially 
valuable  in  the  treatment  of  recurrent  eczema  of  the  hands.     Blaschko, 

*  For  explanation  of  terms  used  in  this  chapt<jr  to  express  dosage  see  Chapters  X 
and  XIX. 
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It  will  suffice  for  our  purpose  to  know  that  the  eczema  of  our  fore- 
fathers has  been  and  continues  to  be  split  into  separate  entities,  the 
splitting  l>eing  due  to  a  better  interpretation  of  eruption  characteristics 
an<l  increased  knowledge  relative  to  etiology.  It  should  \ye  obvious 
from  the  foregoing  and  it  will  be  more  obvious  from  what  follows,  that 
much  is  left  to  the  imagination  when  one  states  that  eczema,  acute  or 
chronic,  is  benefited  or  cured  by  irradiation— we  must  be  more  specific; 
we  must  state  as  nearly  as  possible  the  type  of  eczema  or  dermatitis 
that  is  being  treated. 

DERMATITIS  VENENATA. 

Dermatitis  venenata  may  be  defined  as  a  reaction  of  the  skin  to  the 
local  action  of  chemicals  and  drugs.  The  eruption  may  be  acute, 
subacute,  or  chronic.  The  chronic  type  may  develop  insidiously  or 
it  may  be  preceded  by  acute  or  subacute  s>Tnptoms.  It  is  likely  to  be 
associated  with  frequent  and  very  severe  acute  exacerbations.  The 
l)ehavior  of  the  affection  depends  probably  upon  the  nature  of  the 
causative  agent,  the  frequency  of  contact,  and  the  degree  of  suscepti- 
bility. 

Dermatitis  venenata  may  be  caused  by  an  exceedingly  large  number 
of  substances  all  of  w^hich  are  mentioned  in  the  various  text-books 
on  dermatology  and  especially  in  an  article  by  Knowles  on  the  external 
origin  of  eczema  and  in  an  excellent  book  by  R.  P.  White.  The  most 
important  of  these  substances  are  herwith  appended: 

Rhus  and  sumach,  primrose,  resinous  woods,  dyes  (hair  dye,  dyes 
in  fur,  clothing,  etc.),  sulphur,  mercury',  chrysarobin,  picric  acid, 
pyrogallic  acid,  formalin  and  its  products,  strong  soaps,  metol,  resorcin, 
i(xlofonn,  turpentine,  varnish,  lime. 

And  a  great  many  more  substances  of  animal,  vegetable  and  chemical 
nature  to  which  the  individual  has  become  sensitized. 

The  eruption  caused  by  some  of  these  substances  is  quite  charac- 
teristic and  may  be  recognized  by  the  character  of  the  elementary 
lesion,  the  sites  of  predilection,  the  course,  the  auto-inoculability,  etc. 
rnfortunately  this  is  true  in  only  a  relatively  few  cases,  although  an 
experienced  dermatologist  will  usually  find  one  or  more  characteristics 
that  will  lead  to  a  correct  diagnosis. 

The  a'-rays  are  not  indicated  in  the  majority  of  cases  of  dermatitis 
venenata.  If  the  case  is  properly  diagnosed  and  the  cause  removed  the 
eruption  as  a  rule  will  disappear  quickly;  especially  is  this  true  of  the 
acute  types.  At  times,  however,  the  diagnosis  is  exceedingly  difficult; 
often  quite  impossible  until  after  prolonged  observation.  Such  cases 
have  provided  the  author  with  material  for  study  in  connection  with 
.r-rays.  Involution  of  acute  eruptions  and  acute  exacerbations  is 
perhaps  hastened  and  at  time  pruritus  is  lessened  by  fractional  and 
subfractional  irradiation.  However,  as  good  if  not  better  results  can 
be  obtained  by  the  proper  choice  and  use  of  dermatological 
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In  aiiv  event  the  detection  and  removal  of  the  cause  is  the  main 
requisite,  otherwise  the  eruption  is  likely  to  persist  or  to  recur 
repeatedly. 

In  former  years  the  author  irradiated  a  large  number  of  recurrent 
eczematous  eruptions  often  with  apparent  temporary  success,  only  to 
find  later  that  the  exacerbations  would  disappear  as  quickly  under  the 
influence  of  dermatological  remedies  as  with  roentgenization.  The 
eruptions  continued  more  or  less  intermittently,  however,  until  the 
cause  was  removed.  A  few  of  the  most  striking  and  illustrative  cases 
are  herwith  briefly  reported : 

Illustrative  Case  Reports. 

Case  7. — {Match-box  Dermntitis). — A  gentleman  presented  a  very  pruritic 
eruption  on  the  anterior  and  lateral  aspects  of  the  left  thigh,  about  half  way 
between  the  hip  and  knee.  The  eruption  consisted  of  a  large  patch  (5x8 
inches)  of  red,  thickened  and  slightly  scaly  skin  with  a  number  of  excoriations. 
The  margin  was  not  well  marked.  The  duration  was  three  years.  The  erup- 
tion improved  considerably  in  winter  but  was  always  worse  during  hot  weather. 
There  had  never  been  any  acute  symptoms.  The  diagnosis  made  at  the  time 
was  lichenified  eczema.  Irradiation  (fractional)  at  first  caused  cessation  of 
itching  and  very  great  improvement  in  the  appearance  of  the  lesion.  The 
x-rays  soon  ceased  to  have  any  effect,  and  the  patch  assumed  again  its  original 
characteristics.  It  was  about  this  time  that  G.  H.  Fox,  Rasch  and  others 
reported  (;ascs  of  eczema  (dermatitis)  due  apparently  to  the  phosphorus  con- 
tained on  match-boxes  carried  in  the  pocket  of  the  trousers.  It  was  then 
ascertained  that  the  patient  was  in  the  habit  of  carrying  a  match-box  in  the 
pocket  of  the  loft  leg  of  his  trousers.  WTien  this  habit  was  discontmued  the 
eruption  disapjx^ared  and  never  returned. 

A  number  of  simihir  cases  might  be  reported  in  which  the  dermatitis 
was  on  different  parts  of  the  thighs  and  f)Uttocks,  depending  upon  the 
location  of  the  match-box,  and  in  which  irradiation  was  of  very  little 
value.  The  eruptions  diftVr  somewhat  in  type.  Usually  they  are 
chronic  but  intermittent  and  there  may  be  sharp  exacerbations.  It 
is  the  intermittent  character  of  many  types  of  dermatitis  that  may 
lead  to  the  erroneous  belief  on  the  part  of  the  roentgenologist  or 
dermatologist  that  irradiation  is  of  distinct  service. 

Case  8 — (Toilet-sent  Dermatitis). — This  name  was  given  to  a  dermatitis 
occurring  on  tlie  parts  of  the  buttocks  coming  in  contact  with  the  toilet  seat. 
Fred  Wise  first  called  attention  to  this  variety  of  dermatitis  and  believes  that 
it  may  be  duo  to  varnisli,  lac(iuer,  substances  from  hard  woods  (volatile  oils, 
etc.)  or  perhaps  to  decomposed  urine  or  other  secretions  and  excretions  (Wise's 
observations  are  uni)ubHslied). 

The  patient  wa.s  a  male  child  four  years  of  age.  The  eruption  consisted  of 
erythema,  very  slight  infiltration,  some  scaliness  and  itching.  The  eruption 
had  been  present  for  two  years.  It  improved  at  times  hut  never  di.sappeared. 
There  were  no  acute  outbreaks.  Irradiation  improved  the  condition  con- 
siderably for  a  while  but  the  erui)tion  did  not  disappear  until  a  })orcelain 
toilet  seat  was  })rovided. 

Case  9 — {Primrose  Dermatitis)  -  A  lady  exhil)ited  a  chronic,  itchy,  scaly 
eruption  of  the  fingers;  a  chronic  s(juamous  eczema.     Tlic  duration  was  six 
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years,  during  which  time  the  eruption  was  always  present,  being  worse  at  times 
and  better  at  other  times.  She  states  that  occasionally,  at  long  intervals, 
there  was  an  acute  exacerbation  consisting  of  edema,  vesiculation  and  pain 
which  lasted  only  a  few  days.  At  these  times  the  eruption  occurred  in  patches 
on  the  hands  and  forearms.  No  local  cause  could  be  discovered.  Unfortu- 
nately, through  a  misunderstanding,  the  patient  denied  contact  with  the 
primrose  plant.  For  six  months  irradiation  and  dermatological  remedies  were 
employed  with  some  benefit.  A  very  thorough  and  expensive  investigation, 
for  the  purpose  of  discovering  the  supposed  internal  cause,  was  under  way 
when  an  unusually  xdolent  exacerbation  was  seen  by  the  author.  The  symp- 
toms were  identical  with  those  seen  in  rhus  dermatitis.  Primrose  plants  were 
found  in  the  patient's  house  and  were  destroyed.  There  has  l)een  no  recurrence 
of  the  eruption. 

The  author  has  irradiated,  without  much  real  benefit,  many  cases' of 
acute,  subacute,  and  chronic  eczema  of  the  fingers,  neck,  ears,  face  and 
other  parts  of  the  body.  Later,  the  eruption  was  found  to  be  caused 
by  resorcin  in  a  hair  tonic,  hair  dyes,  fur  dyes,  leather  hat  bands,  shoes, 
stcK'kings,  chemicals  and  substances  used  in  the  trades,  etc. 

Summary.  — Irradiation  is  of  doubtful  value  in  dermatitis  venenata. 
It  will  perhaps  hasten  resolution  of  acute  eruptions  but  will  not  prevent 
their  occurrence.  It  will  lessen  the  itching  of  chronic  eruptions  and 
may  cause  more  or  less  involution,  even  their  total  disappearance. 
The  relief,  however,  is  temporary  as  a  rule  unless  the  cause  of  the 
affection  is  ascertained  and  removed.  Removal  of  the  cause  is  usually 
followed  by  permanent  disappearance  of  the  eruption.  Occasionally, 
however,  the  eruption  may  persist  for  several  months  after  the  local 
cause  has  been  removed,  or  the  eruption  may  disappear  only  to  return 
over  and  over  again  in  spite  of  intelligent  dermatological  treatment. 
In  such  instances  the  eruptions  will  often  disappear  promptly  when 
irradiated  and  not  infrequently  the  result  is  a  permanent  cure. 

Technic— The  author  advises  fractional  or  semi-intensive  treatment 
—  HJ  S.  D.  once  weekly  or  HJ  S.  I),  every  two  weeks.  If  there  are 
only  one  or  two  lesions  the  normal  skin  should  be  protected.  If  the 
eruption  is  extensive  the  rays  must,  of  course,  be  allowed  to  spread 
over  the  affected  parts.  Isolated  areas  of  normal  skin  need  not  be 
protected  as  there  is  no  danger  from  such  small  doses.  If  the  disease 
does  not  disappear  in  from  three  to  six  wrecks  it  is  inadvisable  to  con- 
tiime  the  treatment.  Local  applications  containing  such  chemicals 
as  tar,  mercury,  sulphur,  salicylic  acid,  etc.,  are  contra-indicated  unless 
the  .r-ray  dose  is  very  small  (HJ  to  HJ  S.  D.  once  weekly). 

INFECTIOUS  ECZEMATOID  DERMATITIS. 

This  affection,  described  by  Engman  and  Mook,  and  by  Fordyce 
(secondary  eczema)  may  be  defined  as  a  dermatitis  secondary  to  a 
discharging  ulcer,  sinus,  boil,  abscess,  etc.  The  eruption  may  be  dry 
but  it  is  more  likely  to  be  exudative,  crusted  or  pustular.  It  spreads 
by  i)eripheral  extension  and  by  auto-inoculation.    The  affection  ia 
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supposedly  causecl  by  sensitization  to  bacterial  products.  It  may 
complicate  e(?thyma,  bed-sores,  truss-sores,  breust  abscess,  etc.  Dis- 
charj^es  from  the  nose,  eyes,  ears,  anus,  etc.,  may  be  the  starting-point 
of  the  affection. 

Results  of  Irradiation.— It  is  possible  to  obtain  excellent  results  if  the 
cases  are  properly  selected  and  roentgenization  is  associated  with 
intelligent  dermatological  treatment.  The  author  has  seen  eruptions 
begin  at  the  margin  of  an  ulcer  and  later  involve  most  if  not  all  of  the 
body  surface.  In  cases  of  this  kind,  when  the  s>Tnptoms  are  acute- 
edema,  erythema,  exudation  and  burning  pain— .r-rays  have  been  of 
little  if  anv  benefit  until  the  affection  has  become  subacute.  If  the 
eruption  does  not  disappear  after  subsidence  of  the  acute  symptoms 
either  spontaneously  or  as  a  result  of  dermatological  treatment,  roent- 
genization may  be  of  distinct  value. 

In  the  less  acute  types,  when  the  eruption  is  papular  or  squamous 
with  or  without  more  or  less  exudation,  and  severe  itching,  j-rays  are, 
as  a  rule,  more  efficacious  than  any  form  of  dermatological  treatment. 

Localized  dermatitis,  secondary  to  discharge  from  a  cavity  such  as 
the  ear,  even  when  of  the  very  acute  tj-pe,  will  often  yield  quickly  to 
irradiation. 

To  obtain  a  permanent  cure  it  is  of  course  essential  that  the  type 
and  cause  of  the  dermatitis  be  recognized  and  steps  taken  to  remove  the 
latter. 

Technic— The  technic  will  vary  in  accordance  with  the  s,>Tnptoms 
and  the  distribution  of  the  eruption.  Localized  eruptions,  even  when 
acute,  will  often  undergo  complete  involution  subsequent  to  one  or 
two  semi-intensive  treatments,  or  from  two  to  four  fractional  applica- 
tions. This  statement  is  made  with  the  understanding  that  it  is  pos- 
sible to  keep  the  exciting  agent  (discharge)  from  coming  in  contact  with 
the  inflamed  skin.  This  may  be  often  accomplished  by  the  use  of 
soothing,  astringent  and  very  slightly  antiseptic  wet  dressings.  Oint- 
ments and  pastes  are  not  advisable  for  this  purpose  because  the  dis- 
charge, if  copious,  will  spread  under  the  grease  and  reach  the  surround- 
ing skin. 

Widespread  eruptions  must  be  cautiously  irradiated.  These 
patients  are  already  somewhat  toxic  and  their  skin  is  very  sensitive. 
It  is  advisable,  therefore,  to  employ  very  small  doses  (subfractional, 
increasing  to  fractional)  and  to  expose  only  one  small  part  of  the  body 
daily.  Complete  technical  details  for  such  treatment  will  be  found  in 
Chapter  XIX  under  the  heading  of  geiieralized  roentgenization. 

ECZEMATIZED  RINGWORM. 

The  term  eczematized  ringworm  can  include  any  eruption  of  etrzema- 
tous  appearance  that  is  caused  by  ringworm  fungi.  Hence  is  inchided 
in  this  group:  eczema  intertrigo  of  the  toes  and  fingers  (now  included 
under  eczematoid  ringworm  of  the  extremities),  eczema  marginatum, 
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eczeniatizecl  ringworm  of  the  body  and  eczematous  eruptions  of  the 
pubic  region,  umbilicus,  axilhe  and  under  pendulous  breasts  when  due 
to  fungi,  usually  the  epidermophjlon  inguinale  (Sabouraud). 

The  member  of  this  group  that  is  of  particular  interest  is  the  affection 
(eczematoid  ring\^'orm  of  the  extremities)  described  by  Djelaleddin 
Mouktar  in  1892,  by  Whitfield  and  Sabouraud  in  1910  and  by  Ormsby 
and  Mitchell  m  1916.  The  affection  is  limited  to  the  hands  and  feet 
and  occurs  in  three  clinical  varieties:  (1)  Acute  vesicular  or  vesico- 
pustular,  clinically  identical  with  acute  vesicular  eczema  and  pom- 
phoK-x.  It  attacks  mostly  the  fingers,  toes,  palms,  and  soles.  (2) 
Chronic  intertriginous,  commonly  seen  between  the  toes,  occasionally 
between  the  fingers.  (3)  H^-perkeratotic,  clinically  identical  with 
chronic  squamous  eczema  and  occurring  mostly  on  the  soles,  also  on 
the  palms. 

First  Type.— As  a  rule  the  best  treatment  for  this  type  of  eczematoid 
ringworm  is  some  strong  antiparasitic  and  antipruritic  remedy  such  as 
Whitfield's  ointment,  tr.  iodine,  chrysarobin,  and  iocamfen.  How- 
ever, some  cases  do  not  do  very  well  under  this  treatment  and  it  is  in 
such  cases  that  irradiation  is  of  great  value.  In  many  instances, 
especially  eruptions  on  the  hands,  the  lesions  will  disappear  as  a  result 
of  a  single  semi-intensive  application  or  two  or  three  fractional  doses, 
combined  with  soothing  local  remedies  such  as  Lassar's  paste  and 
calamine  lotion,  both  of  which  may  contain  menthol,  camphor  and 
carbolic  acid.  Recurrence  is  common.  Even  stubborn  or  relapsing 
cases  may  at  times  be  permanently  cured  with  .r-rays.  It  must  be 
admitted  that  cases  are  numerous  in  which  the  eruption  fails  to  dis- 
appear. One  may  combine  irradiation  with  the  strong  remedies 
enumerated  supra;  if  so  the  dose  must  be  small— fractional  or  sub- 
fractional. 

Eczematoid  ringworm  of  this  type,  when  occurring  on  the  feet, 
appears  to  be  more  recalcitrant  than  when  on  the  hands.  The  author 
has  seen  examples  of  this  affection  resist  intensive,  semi-intensive  and 
fractional  doses  administered  over  a  period  of  three  or  four  months, 
(^onversely  there  have  been  cases  that  failed  to  get  well  under  anti- 
parasitic treatment  that  were  permanently  cured  as  a  result  of  six  or 
eight  fractional  a*-ray  treatments. 

Because  of  the  difficulty  of  diagnosis  one  hesitates  to  state  the  value 
of  irradiation  in  this  affection.  It  is  possible  that  the  cases  that 
respond  readily  to  irradiation  are  not  caused  by  fungi.  In  most  cases 
the  diagnosis  has  been  clinical.  In  the  relatively  few  instances  where 
the  clinical  diagnosis  has  been  confirmed  by  microscopical  examination 
the  eruption  has  been  stubborn. 

Personal  impression  is  that  eczematoid  ringworm  is  more  recalcitrant 
to  irradiation  than  are  similar  eruptions  due  to  other  causes.  This 
opinion  may  have  to  be  modified  as  a  result  of  longer  experience.  For 
a  number  of  years  prior  to  the  work  of  Whitfield,  Sabouraud,  and 
Ormsby  and  Mitchell,  the  author  was  perplexed  by  the  stubbomner' 
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of  some  examples  of  acute  vesicular  eczema  of  the  hands  and  feet.    It 
is  possible  that  these  rebellious  eruptions,  omitting  dennatitis  venenata, 
are  caused  by  fungi. 
As  a  summary,  about  all  that  can  be  said  at  present  is: 

1 .  The  acute  symptoms  usually  quickly  subside  under  semi-intensive 
or  fractional  treatment,  especially  when  combined  with  local  soothing 
and  antipruritic  remedies. 

2.  Occasionally  the  affection  is  permanently  cured.  Very  often, 
after  subsidence  of  the  acute  symptoms,  no  further  improvement  is 
noted.     Recurrences  are  common. 

3.  It  is  the  author's  opinion  that  the  majority  of  cases  will  do  better 
under  intelligent  antiparasitic  treatment  than  under  irradiation. 
Finally,  both  methods  may  be  cautiously  combined  in  recalcitrant 
cases. 

Second  Type.— There  is  no  doubt  whatever  in  the  author's  mind 
that  properly  administered  dermatological  treatment  is  superior  to 
irradiation  in  this  type  of  eczematoid  ringworm. 

Third  Type.— The  author  has  had  better  results  with  antiparasitic 
remedies  than  with  .r-rays  in  the  treatment  of  hyperkeratotic  eczema- 
toid ringw^orm.  There  is  always  the  question  of  diagnosis.  But 
eruptions  of  this  type,  diagnosed  microscopically,  have  been  recalcitrant 
to  irradiation. 

Technic— Fractional  or  semi-intensive  doses  are  advisable  because: 

1.  Inflamed  tissue  is  hypersensitive  to  ar-rays. 

2.  The  susceptibility  is  increased  by  the  previous  use  of  strong 
topical  remedies. 

3.  It  has  been  found  that  if  the  eruption  will  yield  to  a--rays  it  will 
respond  to  small  doses. 

If  the  eruption  does  not  disappear  as  a  result  of  such  treatment 
over  a  period  of  a  month  or  two,  it  is  unlikely  to  be  favorably  influenced 
by  further  treatment. 

Filtered  radiation  is  not  more  efficacious  than  are  unfiltered  jr-rays. 

It  is  often  necessary  to  irradiate  the  lateral  surfaces  of  the  fingers 
and  toes.  This  may  be  accomplished  (for  the  fingers)  by  placing  the 
palms  on  the  table  with  the  fingers  widely  separated.  The  .r-rays  are 
administered  to  the  dorsal  surfaces  of  the  fingers.  The  dorsal  surfaces 
of  the  hands  are  then  placed  on  the  table  and  irradiated.  Both  hands 
can  be  treated  at  one  time.  The  same  procedure  is  carried  out  for  the 
toes,  excepting  that  the  latter  must  be  held  apart  by  gauze  plugs. 

If  there  is  a  single  patch  or  only  two  or  three  isolated  areas,  the 
normal  skin  should  be  protected.  In  the  case  of  a  widesi)read  eruption 
or  if  there  are  numerous  lesions,  it  is  preferable  to  allow  the  rays  to 
spread  over  the  hands.  Such  small  <loses  will  not  harm  the  normal  skin 
between  the  lesions. 

Radium.— Unfiltered  and  filtered  flat  applicators  have  been  used  in 
the  treatment  of  small  lesions.  Tlie  results  have  been  about  the  same 
as  those  obtained  with  or-rays. 
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ECZEMA  MAR0INATX7M. 

There  is  some  confusion  relative  to  the  use  of  this  term  whicli  was 
given  to  the  affection  by  Hebra.  It  is  synonxmous  with  tinea  cruris 
and  epidennoph>i:osis  inguinalis.  The  eruption  may  be  confined  to 
the  crural  region  or  may  involve  the  thighs,  pubic  region,  perineal 
region,  umbilicus,  axilla?  and  breasts.  The  causative  agent  is  the 
epidermoph^lon  inguinale  (Sabouraud).  The  affection  may  be  dry, 
vesiculo-pustular  or  exudative.  There  may  be  considerable  thickening 
of  the  skin. 

At  times  irradiation  will  relieve  and  even  cure  this  affection  but  it  is 
the  consensus  of  opinion  that  such  remedies  as  iodine,  Dreuw's  oint- 
ment, Whitefield's  ointment,  etc.,  property  employed,  will  effect  a  more 
speedy  and  permanent  cure. 

Ringworm  of  various  parts  of  the  body,  especially  when  of  the 
so-called  moist  t>'pe,  may  produce  lesions  that  are  eczematous  in 
appearance,  but  sharply  marginated.  The  terms  parasitic  eczema, 
ec*zema  marginatum  and  eczematized  ringworm  are  often  used  by 
clinicians  to  designate  such  lesions.  While  o'-rays  and  radium  will 
often  cure  eruptions  of  this  t>T>e,  the  remedies  enumerated  supra  pro- 
vide a  more  satisfactory  method  of  treatment. 

NEURODERMATITIS. 

Neurodermatitis  includes  or  will  include  here  lichenification,  lichen- 
ifie<l  eczema,  eczema  nuchce  and  lichen  simplex  (Vidal).  There  seem  to 
be  two  very  distinct  types  of  the  affection— circumscribed  and  dis- 
seminated. The  circumscribed  variety  occurs  as  dime  to  palm-sized 
areas.  There  may  be  one  or  two  patches  or  numerous  lesions  scattered 
over  the  body.  The  sites  of  predilection  are  the  nucha,  the  lateral 
surfaces  of  the  neck  and  the  flexures.  Lesions  may  occur,  however,  on 
almost  any  part  of  the  body. 

The  disseminated  type  favors  the  flexures  and  flexor  surfaces,  but 
it  may  be  quite  generalized  and  even  almost  universal.  It  often 
simulates  seborrheic  dermatitis.  There  is  usually  a  family  history  of 
hay  fever  and  asthma  and  the  patients  are  often  sensitized  to  various 
proteins. 

The  objective  s^inptoms  are  lichenification,  more  or  less  acanthosis 
and  parakeratosis,  excoriation  and  at  times  exudation.  The  subjective 
symptom  is  itching  which  may  be  intensive  and  w'hich  often  precedes 
the  appearance  of  the  eruption.  Those  who  desire  a  scholarly  discus- 
sion of  this  affection  are  referred  to  an  able  article  from  the  pen  of 
Fred  Wise  (Neurodermatoses  and  Pseudo-Lichens,  Jour,  Cnian,  Dis,, 
1919,  xxxvii,  pp.  590-798). 

Effect  of  Inradiation.— Most  authors  agree  that  irradiation,  either 
j"-rays  or  radium,  is  very  effective  in  the  circumscribed  types  of  n«iw^ 
dermatitis.    The  author  has  found  this  treatment  so  satisfactc 
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M  fVty"'**f'^^'*ior  to  any  other  treatment  that  he  advises  it  as  the  method  of 

K  Jif.L    '^^'^.    This   statement   includes   circumscribed   neurodermatitis, 

^F  '^/i*/^'?    J^iinplex,  eczema  nucha?,  primary  and  secondary  lichenification, 

m  .^   ,^^^^^ilar  conditions. 

W  '^^'fii\    *^    "*'^  *  ^^^'  fractional  doses  or  a  sinfjle  suberythenia  dose  will 

f  •*/!#/        ^^    'or  a  clinical  cure.    Occasionally  the  lesions  are  more  stubborn 
aii   ^^      ^^^uire  treatment  over  a  period  of  two  or  three  months.     Rarely 


u-j|-^       ^*ption  will  not  improve  or  at  least  will  not  entirely  disappear 

tci  -^  ^^_  ^^^t  an  amount  of  rsidiation  that  is  undesirable.     It  is  preferable 

tre^t.  -%^    ^^  id  reactions  and  if  the  eruption  does  not  disappear  as  a  result  of 

<*ori  -^  ^^^'^ent  over  a  periodibf  two  or  three  months,  it  is  advisable  to  dis- 

j^ho^v^^^^^c  irradiation.    Itching  usually  disappears  before  the  eruption 

yi^l  ^r  i  ^^    *'R^  ^'  involution.    Recurrences  are  rather  common,  but  they 

T.  ^  -^      ^o  another  course  of  treatment. 
aiir^         ^^^re  seems  to  be  little  if  any  difference  in  efficacy  between  the  beta 

amma  rays  of  radium,  between  radium  and  .r-rays,  or  between 

and  unfiltered  ar-rays.    When  using  radium,  if  there  is  much 

^^ning  of  the  skin,  the  "soft"  beta  rays  should  be  eliminated  by 

V)le  screening.    The  author  has  noted  little  if  any  difference  in 

^y  between  fractional,  semi-intensive  or  subintensive  treatment. 

^ema  doses  produce  more  rapid  involution  but  they  are  not 

^^;^  ^'^able.    The  normal  skin  around  the  lesions  should  be  protecttnl 

^^^     strong  topical  applications  are  contra-indicated.    It  is  permissible 

-    ^^\]^P'oy  diluted  carbolic  acid  and  menthol  to  allay  the  itching  while 

'^      ting  the  antipruritic  action  of  the  radiation. 

(senuiiftted  Neurodermatitis. —The  effect  of  irradiation  on  this 

of   neurodermatitis   is  uncertain.    The  treatment  j)ractically 

lys  causes  some  relief,  but  it  very  frequently  fails  to  cause  complete 

ppearance  of  the  eruption;  especially  is  this  true  in  children  and 

descents.    Even  when  the  eruption  does  disappear  recurrences  arc 

iraon.    Nevertheless  the  a'-rays  are  a  valuable  adjunct.    The  fact 

^  they  will  lessen  the  itching  and  directly  or  indirectly  iin])n)vc  the 

ption  in  the  majority  of  cases  of  this  stubborn  affection,  is  all  that 

^         ^^ecessary  to  justify  their  use.     Furthermore,  there  is  alwa>s  tlic 

^  _  *^55Ksibility  of  complete  relief  which  niav  be  ev 


sibility  of  complete  relief  which  may  be  even  j)ernianent.    The 

hor  has  obtained  such  results  on  several  adults  in  instances  wlicre 

other  method  of  treatment  failed. 

^adndc. — Inasmuch  as  it  is  often  necessary  to  irradiate  extensive 

'•^aces,  fractional  or  even  subfractional  doses  are  indicated.    TIk^ 

L.^'^isons  for  this  advice  and  the  necessary  technical  details  will  be 

^^"^nd  in  the  chapter  on  General  Tlierai)eutic  Considerations.     With 

^\*^h  small  doses  it  is  permissible  to  use  stinnilatinjr  local  remedies. 

^^'W}thing  possible  should  be  done  to  ascertain  and  elinunatc  tlie 

^"'iusative  factors. 

INFANTILE  ECZEMA. 

M^zema  of  the  face  of  infants  may  vary  consi<lerably  in  its  clinical 
^P^*ts.     It  may  consist  of  scaliness  witli  more  or  less  erythema,  it 
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so  superior  to  any  other  treatment  that  he  advises  it  as  the  method  of 
election.  This  statement  includes  circumscribed  neurodennatitis, 
lichen  simplex,  eczema  nuchce,  primary  and  secondan'  lichenification, 
and  similar  conditions. 

As  a  rule  a  few  fractional  doses  or  a  single  suberythema  dose  will 
suffice  for  a  clinical  cure.  Occasionally  the  lesions  are  more  stubborn 
and  require  treatment  over  a  period  of  two  or  three  months.  Rarely 
an  eruption  will  not  improve  or  at  least  will  not  entirely  disappear 
without  an  amount  of  radiation  that  is  undesirable.  It  is  preferable 
to  avoid  reactions  and  if  the  eruption  does  not  disappear  as  a  result  of 
treatment  over  a  period*)f  two  or  three  months,  it  is  advisable  to  dis- 
continue irradiation.  Itching  usually  disappears  before  the  eruption 
shows  signs  of  involution.  Recurrences  are  rather  common,  but  they 
yield  to  another  course  of  treatment. 

There  seems  to  be  little  if  anv  difference  in  efficacv  between  the  beta 
and  gamma  rays  of  radium,  between  radium  and  j--rays,  or  between 
filtered  and  unfiltered  a'-rays.  When  using  radium,  if  there  is  much 
thickening  of  the  skin,  the  "soft*'  beta  rays  should  be  eliminated  by 
suitable  screening.  The  author  has  noted  little  if  any  difference  in 
efficacy  between  fractional,  semi-intensive  or  subintensive  treatment. 
Erythema  doses  produce  more  rapid  involution  but  they  are  not 
justifiable.  The  normal  skin  around  the  lesions  should  be  protected 
and  strong  topical  applications  are  contra-indicated.  It  is  permissible 
to  employ  diluted  carbolic  acid  and  menthol  to  allay  the  itching  while 
awaiting  the  antipruritic  action  of  the  radiation. 

Disseminated  Neurodermatitis. —The  effect  of  irradiation  on  this 
tj-pe  of  neurodermatitis  is  uncertain.  The  treatment  practically 
always  causes  some  relief,  but  it  very  frequently  fails  to  cg^use  complete 
disappearance  of  the  eruption;  especially  is  this  true  in  children  and 
adolescents.  Even  when  the  eruption  does  disappear  recurrences  are 
common.  Nevertheless  the  j--rays  are  a  valuable  adjunct.  The  fact 
that  they  will  lessen  the  itching  and  directly  or  indirectly  improve  the 
eruption  in  the  majority  of  cases  of  this  stubborn  affection,  is  all  that 
is  necessary  to  justify  their  use.  Furthermore,  there  is  always  the 
possibility  of  complete  relief  which  may  be  even  permanent.  The 
author  has  obtained  such  results  on  several  adults  in  instances  where 
every  other  methcxl  of  treatment  failed. 

Technic— Inasmuch  as  it  is  often  ne<»essary  to  irradiate  extensive 
surfaces,  fractional  or  even  subfractional  doses  are  indicated.  The 
reasons  for  this  advice  and  the  necessary  technical  details  will  be 
found  in  the  chapter  on  General  Therapeutic  Considerations.  With 
such  small  doses  it  is  permissible  to  use  stimulating  local  remedies. 
Everything  possible  should  be  done  to  ascertain  and  eliminate  the 
causative  factors. 

INFANTILE  ECZEMA. 

Eczema  of  the  face  of  infants  may  vary  considerably  in  its  c)''  ' 
aspects.    It  may  consist  of  scaliness  with  more  or  less  erythc 
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even  after  irradiation  had  been  pushed  to  the  point  of  \'isible  atrophy. 
The  nose  tolerates  long-continued  treatment  and  larger  doses  better 
than  do  other  parts  of  the  face. 

Scaly  seborrhea  of  the  face  and  body  ^iiU  at  times  disappear  as  a 
result  of  a  few  fractional  treatments,  but  as  a  rule  the  affection  can 
be  more  quickly  cured  with  ordinary  dermatological  remedies.  How- 
ever, in  stubborn  cases,  irradiation  is  at  times  of  distinct  value.  These 
remarks  may  be  applied,  also,  to  the  follicular  type  of  the  affection. 

The  best  results  may  be  expected  in  exudative  eruptions  and  psoriasi- 
fonn  eruptions.  \Miile  one  meets  with  eruptions  of  these  tyjjes  that 
c*annot  be  clinically  cured  vnth  ar-rays,  the  majority  of  cases  will  yield 
quickly  and  many  of  them  permanently  to  irradiation.  It  must  be 
admitteil,  however,  that  recurrence  is  rather  common. 

Because  of  the  large  number  of  lesions  and  the  extent  of  the  affected 
surface  and,  also  the  fact  that  these  lesions  are  likely  to  be  hyper- 
sensitive, fractional  treatment  is  indicated.  It  has  been  the  author's 
experience  that  if  seborrheic  dermatitis  does  not  disappear  as  a  result 
of  from  six  to  twelve  fractional  treatments  at  weekly  intervals,  it  will 
not  disappear  as  a  result  of  further  irradiation.  (For  details  relative 
to  the  treatment  of  extensive  surfaces  see  chapter  on  general  thera- 
l)eutic  considerations.) 

INTERTRIGO. 

An  inflammation  of  the  skin  situated  in  locations  where  there  is 
moisture,  warmth,  friction  and  where  it  is  difficult  to  keep  the  parts 
clean,  is  known  as  intertrigo.  The  usual  sites  are  the  crural  region, 
the  axilla*,  the  anal  region,  and  the  breasts  (under  pendulous  breasts). 
The  eruption  usually  consists  of  redness,  maceration,  erosion,  exuda- 
tion and  itching  or  burning.  It  is  necessary  always  to  differentiate  the 
affection  from  an  eruption  due  to  ring^-orm  organisms.  Ek^zema  inter- 
trigo or  intertrigo  eczema,  is  a  term  given  to  the  eruption  when  the  s^Tnp- 
tonis  are  more  like  those  that  were  once  called  eczema— thickening, 
vesioulation,  pustulation,  etc. 

As  a  rule  intertrigo  will  disappear  in  a  few  days  or  a  week  or  two 
under  the  influence  of  proper  hygiene  and  the  intelligent  use  of  topical 
remedies.  Occasionally,  however,  the  affection  persists  in  spite  of 
such  treatment.  In  such  instances  fractional  irradiation  is  of  distinct 
l)eiiefit.  A  few  such  applications  will  often  suffice  to  effect  a  per- 
maiKMit  cure.  The  most  frequent  location  for  persistent  intertrigo, 
in  the  author's  experience,  is  the  skin  under  pendulous  breasts;  and  it  is 
here  that  irradiation  has  been  of  distinct  service.  The  Jr-ray  treatment 
should,  of  course,  he  combined  with  soothing  local  remedies,  hygiene 
and,  later,  prophylactic  measures  should  be  instituted  in  order  to 
})revent  recurrence. 

The  niethod  of  applying  .r-rays  to  the  crural  region  is  discussed  under 
the  lieading  of  pruritus;  to  the  axilla*,  under  the  heading  of  h^^eridrosis. 

To  irradiate  the  gluteal  fold  the  patient  lies  on  his  stomach  and  with 
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his  hands  the  buttocks  are  separated.  Or  the  buttocks  may  be 
separated  by  two  pieces  of  wide  adhesive  plaster,  the  distal  ends  of 
which  are  attached  to  the  table.  To  irradiate  the  skin  under  the 
breasts  it  is  necessary  for  the  patient  to  elevate  the  breasts  with  the 
hands.    All  unaffected  parts  should  be  shielded. 

REGIONAL  ECZEMA. 

Eciema  of  the  Scalp.— Both  exudative  and  squamous  eczema  of  the 
scalp  may  be  greatly  benefited  by  irradiation.  In  fact  the  ar-rays  are  a 
blessing  in  some  cases  as  they  obviate  the  necessity  of  using  disagree- 
able salves  and  lotions.  The  treatment  may  consist  of  HJ  S.  D.  once 
or  twice  weeklv  until  Hi  has  been  administered.  It  is  not  safe  to 
exceed  this  dose  unless  one  does  not  mind  a  defluvium.  Strong  topical 
remedies  are  contra-indicated;  slightly  stimulating  remedies  are  per- 
missible. Crusts  and  exudates  should  be  removed  with  oil  or  with  water 
and  mild  soap  before  the  a*-rays  are  applied.  If  the  entire  scalp  is 
affected  the  .r-rays  are  administered  in  accordance  with  the  Kienbock- 
Adamson  five-exposure  method  (see  psoriasis  and  tinea  tonsurans). 
If  more  than  one  course  of  treatment  is  necessary  a  rest  interv^al  of  at 
least  three  weeks  between  each  course  is  advisable. 

Eczema  of  the  Face.— Exudative  and  squamous  eczema  of  the 
bearded  region  will  often  disappear  quickly  and  permanently  as  a  result 
of  a  few  fractional  or  subfractional  treatments.  The  method  of  applica- 
tion is  discussed  under  the  heading  of  sycosis. 

Eczema  of  the  lips,  nostrils,  eyelids  and  ears  will  often  disappear 
when  treated  either  with  a:-rays  or  radium.  For  the  eyelids  the  total 
dose  in  a  month  should  be  not  more  than  HJ  to  Hf  S.  D.  This  is 
also  true  of  the  lips  as  the  mucous  membranes  are  rather  sensitive. 
The  eyes  will  not  be  injured  by  this  amount  of  irradiation.  However, 
it  is  not  ad\isable  to  administer  repeated  courses  of  treatment  to  the 
eyelids.  In  treating  obstinate  cases,  in  order  to  avoid  possible  injury 
to  the  eye,  it  might  be  well  to  use  "soft''  beta  rays  of  radium.  How- 
ever, the  eyes  are  not  very  sensitive  to  the  effects  of  irradiation  and  the 
author  has  not  noted  injury  following  the  administration  of  large  doses 
in  the  treatment  of  epithelioma  of  the  eyelids. 

Eciema  of  the  Scrotum.— When  irradiating  the  scrotum  it  is  advisable 
to  limit  the  total  dosage  to  an  amount  that  will  not  seriously  injure  the 
testicles.  The  testicles  are  extremely  sensitive  and  prolonged  treat- 
ment will  effect  azoospermia.  Six  to  eight  fractional  treatments  will 
usually  suffice  to  cure  the  eczema  and  this  amount,  in  the  author's 
experience,  is  not  enough  to  do  more  than  diminish,  temporarily,  the 
activity  of  the  seminiferous  tubules.  It  is  not  advisable  to  push  the 
treatment  beyond  this  point.  When  treating  recalcitrant  cases  there 
will  be  less  injury  to  the  testicles  with  "soft*'  beta  rays  of  radium  than 
\\ith  gamma  rays  or  a:-rays.  Chronic,  lichenified  eczema  of  the  scro- 
tum may  require  treatment  directed  at  botli  the  anterior  and  poste^^ 


rkr 


372 


ECZEMA 


surfaces.  A  month  or  two  of  such  treatment  fj^-rays)  may  serioiK.  -. 
jeopaniizc  the  testicles.  An  unscreened  Hat  radium  applicattir  w<>  ^» 
seem  preferable  in  such  instances.  The  "soft"  beta  raysact  soquic"^ 
that  the  anioiiiit  of  ganiina  and  "hard"  beta  rays  nxeived  by  ~i 
testicles  \^'oiili{  be  almost  neglipble.  Of  course,  there  is  a  limit  to  s^i_ 
treatment  Imt  jnst  what  constitutes  tins  limit  the  nnthor  does  not  kn  ^ 


zi'iim  lieforc  trctilnwul. 

Tiii-  iiur.-iion   i-  ih'-i<ii-«i|  in   irn'atcr  detail  under  the  heading;  of 
pniritii-. 

Eczema  of  the  Nipple  and  Breast  of  Women.— Here  the  first  ntpitsite 
i-i  ti'  be  ciTiain  ilial  tlie  i-n>v  is  not  one  of  I'ajret's  disea.se.  If  (.i-zeiniB 
of  the  nipple  and  bna-t  .oniittin;:  tlic  possibility  of  Paget's  disease) 
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does  nut  disappear  as  a  result  of  one  or  two  months'  irradiation,  it  is  1 
inadvisable  tn  ttintinue  the  treatment  for  fear  of  injury  to  the  under- 
lying glands.     In  obstinate  cases  "soft"  beta  rays  might  he  used  to   ' 
advantage. 

Ecsema  of  the  Legs.— Ordinary  eczema  of  the  legs  does  not  differ  i 
from  that  of  other  parts,  but  in  this  location  there  are  special  features  < 


Fib.   12*.— Same  paii- 


Fig.  12S,  after 


to  lie  con.sidered.  Here  one  meets  with  an  eczeraatized  skin  associated 
nith  deep  edema,  the  latter  lieing  due  to  varicose  veins  or  nir« Ho- vascu- 
lar disturbances,  and  the  fonner  verj'  largely  to  scratcliing.  There 
may  be  more  or  less  purjmra.  This  type  does  not  respond  well  to 
irrafliation  unless  attention  is  paid  to  the  underlying  causative  factors. 
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If  this  is  done,  ar-rays  will  be  of  benefit  by  allaying  the  itching  and 
promoting  resolution  of  the  thickened  skin.  They  are  of  service,  also, 
in  hastening  healing  of  exudative  areas  and  ulcerations.  Vety  often 
all  the  surfaces  of  the  legs  are  involved  necessitating  multiple  exposures 
(see  chapter  on  General  Therapeutic  Considerations). 

Eciema  of  the  Hands  and  Feet.— Eczema  of  the  hands  and  feet  is 
often  of  the  trichophyton  or  dermatitis  venenata  variety.  These  have 
been  discussed  in  this  chapter.  Wise  has  found  the  j:-rays  of  special 
service  in  recurrent  patches  of  vesicular,  vesiculo-squamous,  and 
pustular  eczema  of  obscure  or  unknown  etiology,  occurring  mostly  on 
the  dorsal  surfaces.  Very  often  such  eruptions  will  be  permanently 
cured  with  one  semi-intensive  or  subintensive  application,  or  a  few^ 
fractional  treatments.  The  same  is  true  of  eczema  orbiculare  and  the 
type  described  by  Pollitzer. 

Of  especial  interest  \^  the  hyperkeratotic  (parakeratotic)  and  fissured 
eczema  of  the  palms  and  soles  of  obscure  or  unknown  etiology.  As  a 
rule  this  type  of  eczema  will  disappear  promptly  under  fractional, 
semi-intensive  or  subintensive  irradiation.  Some  cases  are  very 
recalcitrant,  some  will  not  improve  and  recurrences  are  common.  If 
the  eruption  does  not  respond  to  a  reasonable  amount  of  treatment, 
irradiation  shoukl  be  discontinued,  for  a  continuation  of  such  treatment 
may  destroy  the  coil  and  sebaceous  glands,  leaving  the  skin  rough  and 
dry,  A^-ithout  curing  the  eczema. 

It  is  often  necessary  to  irradiate  the  entire  palmar  surface  of  the 
hands  and  fingers,  or  the  plantar  surfaces  of  the  feet  and  toes.  For 
technical  details  of  the  method  of  application  of  a:-rays  to  surfaces  of 
this  kind  the  reader  is  referred  to  the  chapter  dealing  with  hyperidrosis. 

Eczema  of  the  Nails.— This  affection  can  l)e  at  times  cured  with 
j:-rays  and  radium  and  at  times  the  disease  will  not  improve.  However, 
the  results  have  been  of  a  nature  to  warrant  a  trial  in  all  cases.  For 
technical  details  the  reader  is  referred  to  onvchomycosis. 

General  Considerations  and  Summary. 

We  have  now  considered  the  effect  of  irradiation  on  the  various 
clinical  entities  l)el()nging  to  the  eczema  group  and  also  certain  regional 
types  of  the  disease.  It  remains  to  <liscuss  briefly  the  effect  of  irradia- 
tion on  eruptive  types  of  the  affection  acute  and  chronic,  localized  and 
generalized  eczema  of  uncertain  or  unknown  etiology. 

Eczema  Erythematosum.  — Irradiation  has  not  given  good  results  in 
acute  erythematous  and  edematous  eczema.  In  fact  such  treatment, 
unless  very  mild,  may  increase  the  edema.  Especially  is  this  true  of 
the  eyeHds  and  cheeks.  If  there  is  not  much  edema  and  the  subjective 
symptom  is  itching  rather  than  stinging  or  burning,  a  few  very  mild 
applications  (subfractional)  may  he  beneficial. 

As  a  general  proposition,  both  in  localized  and  generalized  acute 
erythematous  eczema,  irradiation  is  contra-indicattMl  in  the  early  stage 
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of  evolution.  If  the  eruption  persists,  and  becomes  pruntic,  exudative, 
acanthotic  or  squamous,  a:-rays  are  indicated  and  may  accomplish  a 
great  deal  of  good.  v  ;' 

Eczema  Vesiculosum,  Pustulosum  and  Exadativum.^Exudative  eczema 
may  begin  as  an  acute  erythematous  and  edematous,  vesicular  or 
pustular  eruption,  or  it  may  evolve  subacutely  or  it  may  constitute  an 
exacerbation  occurring  in  a  chronic  eczema.  Eruptions  of  this  kind, 
especially  when  restricted  in  extent,  often  disappear  more  quickly 
under  the  influence  of  ar-ravs  or  radium  than  with  anv  other  method  of 
treatment.  The  results  are  often  spectacular  and  permanent.  The 
outcome  will  depend  partly  upon  the  technic  but  largely  upon  the  cause. 
If  the  etiological  factors  continue  to  operate  the  eruption  is  likely  to  be 
uninfluenced  or  only  slightly  influenced  by  roentgenization.  These 
statements  apply  also  to  follicular  and  papular  eczema. 

Eciema  Squamosum.— The  chronic  types  of  eczema  associated  with 
parakeratosis  and  acanthosis  will  disappear  quickly  as  a  rule  under  the 
influence  of  a:-rays  or  radium.  The  rapidity  and  permanence  of  the 
cure  will  depend  largely  upon  the  underlying  causes. 

Value  of  Irradiation  in  Eczema.— Considered  as  one  of  many  remedies 
used  in  the  treatment  of  eczema,  omitting  types  of  eczema  for  which 
there  are  specific  topical  remedies,  and  visualizing  the  disease  in  a  very 
general  way,  it  is  the  author's  opinion  that  ar-rays  (or  radium)  is  the 
best  remedy  we  have  for  eczema.  In  a  general  way  it  is  our  best  anti- 
pruritic and  our  best  resolvent  agent  for  this  purpose.  However  too 
much  must  not  be  expected.  It  is  absolutely  essential  that  everything 
possible  be  done  to  determine  and  eliminate  the  external  and  internal 
causative  factors.  Also,  the  patient  should  receive  the  benefit  of 
regular  dermatological  treatment,  intelligently  administered,  care  being 
taken  not  to  use  strong  tar,  mercury,  sulphur  and  other  compounds 
when  employing  the  a'-rays. 

General  Technical  SuggestioEs.— The  acute  types  of  eczema  even  when 
localized,  should  receive  very  mild  applications  (subfractional).  Wide- 
spread eruptions  of  any  type  should  receive  subfractional  or  fractional 
treatment.  When  treating  generalized  or  universal  eruptions  not  more 
than  one  small  part  of  the  body  should  be  treated  daily.  If  this  sug- 
gestion is  not  followed  the  eruption  may  get  worse,  there  may  be 
cutaneous  or  constitutional  toxic  symptoms  and  the  lymphocytic 
count  may  be  lowered. 

Circumscribed  subacute  or  chroniceruptions  and  even  acute  exacer- 
bations may  be  treated  with  fractitjtial,  semi-intensive  or  subintensive 
doses  with  equal  results.  When  the  stronger  doses  are  given  all  stimu- 
lating and  irritating  topical  remedies  are  contra-indicated.  For 
further  technical  details  the  reader  is  referred  to  the  chapter  on  General 
Therapeutic  Considerations. 

In  the  author's  experience  filtered  .r-rays  are  no  more  efficacious 
than  is  unfiltered  radiation  even  in  eruptions  that  show  considerable 
parakeratosis  and  acanthosis. 
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Kadium.— Radium  is  not  suitable  for  widespread  eruptions.  In  the 
case  of  small  patches  the  results  of  radium  treatment  are  the  same  as 
those  obtained  with  a*-rays.  Radium  is  especially  indicated,  as  men- 
tioned supra,  for  the  treatment  of  eruptions  situated  on  the  scrotum 
and  eyelids.  If  the  skin  is  only  slightly  thickened  an  unfiltered  radium 
applicator  may  be  employed.  If,  however,  there  is  considerable  thick- 
ening of  the  skin  it  is  preferable  to  eliminate  the  "  soft''  beta  rays  by  a 
suitable  screen  (see  chapter  on  Radium  Technic). 
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when  recurrent  outbreaks  are  irradiated  the  disease  may,  after  several 
such  attacks,  fail  to  be  influenced  bv  further  irradiation.  All  these 
facts  are  of  the  utmost  importance  and  should  be  borne  in  mind. 

Sensitiveness  of  Lesions.— Psoriatic  lesions  are  usually  very  sensitive 
to  J*-rays  and  radium.  Not  only  do  they  disappear  quickly  under  the 
influence  of  small  doses,  but  they  react  more  readily  to  such  treatment 
than  does  the  normal  skin.  A  suberythema  dose  may  produce  a  first 
or  even  a  mild  second  degree  reaction  in  the  lesion  while  the  surrounding 
skin  will  not  react  to  the  same  quantity.  This  difference  in  suscepti- 
bility is  caused,  presumably,  by  the  amount  of  blood  in  the  lesion  and, 
also,  because  psoriatic  lesions  are  so  often  treated  with  chemicals 
(chrysarobin,  etc.)  which  make  the  tissues  more  sensitive  (see  chapter 
on  Idiosyncrasy).  For  these  reasons  it  is  advisable  to  always  employ 
small  doses,  especially  when  treating  patients  who  have  been  using 
chrysarobin,  pyrogallic  acid,  salicylic  acid,  mercury,  etc.  Further- 
more, such  topical  remedies  are  contra-indicated  while  the  patient  is 
under  x-ray  or  radium  treatment. 

Effects  at  a  Distance.— It  has  been  claimed  bv  G.  H.  Fox,  Siblev  and 
others  that  irradiation  of  one  or  a  few  lesions  may  result  in  the  disap- 
pearance of  lesions  not  exposed  to  the  J*-rays.  The  author  has  not  found 
this  to  be  true,  at  least  this  phenomenon  has  not  occurred  in  a  single 
one  of  several  hundred  cases  treated  with  a:-ravs  and  radium. 

Recalcitrant  Eruptions.— If  the  lesions  of  psoriasis  will  yield  to 
irradiation  they  will  nearly  always  disappear  under  the  influence  of  a* 
few  fractional  (3  to  8  fractional  treatments  at  weekly  intervals)  or! 
one  or  two  semi-intensive  or  subintensivie  applications.  If  the  lesions  ' 
do  not  yield  to  this  amount  of  irradiation  they  will  not,  as  a  rule,  be ' 
benefited  by  further  treatment,  therefore  a  continuation  of  treatment 
beyond  this  point,  is  inadvisable.  Long-continued  irradiation  of 
recalcitrant  lesions  may  be  followed  by  a  peculiar  resistance  on  the  part 
of  the  disease  to  any  form  of  treatment.  Lapowski,  at  various  meetings 
of  the  Dermatological  Section  of  the  New  York  Academy  of  Medicine, 
has  repeatedly  called  attention  to  this  phenomenon.  The  author  is 
not  certain  that  this  peculiar  stubbornness  is  the  result  of  roentgeniza- 
tion.  That  it  is  occasionally  encountered  subsequent  to  roentgeniza- 
tion  does  not  constitute  proof,  because  equally  rebellious  examples  of 
the  disease  are  encountered  in  which  the  lesions  have  never  been 
treated  with  .r-rays  or  radium.  However,  the  main  point  to  be 
emphasized  is  that  no  good  can  be  accomplished  by  a  continuation  of 
treatment  beyond  the  point  mentioned  supra;  in  fact  the  result  may  be 
injury  to  the  skin  such  as  atrophy  and  excessive  dryness. 

The  author  has  seen  atrophy,  persistent  scaliness  and  permanent, 
excessive  dryness  of  the  palms  caused  by  the  too  persistent  irradiation 
of  recalcitrant  psoriasis  of  the  palms.  In  other  words  the  result  of 
the  treatment  was  an  uncomfortable  and  incurable  condition  of  the 
skin,  a  condition  much  worse  than  the  disease  for  which  the  treatment 
was  given. 
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RedUTent  Eniptioiis.  ~  GchkJ  judgment  is  required  in  using  x-rays  and 
radium  fur  the  treatment  of  recurrent  attacks  of  psuriasis.  This 
pertains  to  Ixttli  circumscribed  and  generalized  eruptions.  Assuming 
that  the  eruption  <lisappears,  as  is  \isually  the  case,  as  a  result  of  a  few 
fractional  treatments,  it  is  permissible  to  treat  recurrences  in  the  same 
manner  so  long  as  the  lesions  continue  to  respond  favorably  to  a  few 
small  doses  and  the  recurrences  are  several  months  apart,  or  the  new 
lesions  develop  in  locations  that  have  not  been  irradiated  at  all  or  for 
.se^■e^al  months.  It  should  be  recalled  that  four  to  six  subiiitenaive 
treatments  or  four  to  six  months  of  fractioiml  treatment,  providing 
.-iiich  treatment  is  continuous,  may  in-line  pciMHis  result  in  marked 


I 
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atrophy  of  the  sudoriferous  and  sebaceous  glands.  Therefore,  if  the 
relapses  accur  in  rapid  succession,  so  that  there  is  no  opportunity  to 
allow  a  rest  interval  of  several  months  between  courses  of  treatment,  it 
is  necessary  to  watch  the  skin  carefully  for  evidence  of  lessened  acti\'ity 
of  the  appendages. 

As  a  matter  of  fact  it  will  be  usually  found  that  in  cases  exhibiting 
a  tendency  to  prompt  and  frequent  relapses,  the  eruption  will  cease 
to  be  benefited  by  continueil  irradiation, 

GeneialiEed  EruptiaDs.— Generalized  eruptions  must  be  treate<l  with 
caution.  If  the  do,se  is  too  large  or  if  too  extensive  areas  are  exposed 
at  OTIC  time,  the  result  may  l>e  systemic  toxemia,  toxic  rashes,  or  the 
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psoriasis  may  assume  troublesome  and  even  serious  characteristics, 
In  some  persons  psoriasis,  even  when  untreated,  may  acquire  unusual 
and  alarming  qualities.  One  must  not,  therefore,  thoughtlessly  blame 
the  treatment  for  complications  of  this  kind.  However,  the  fact  that 
psoriasis  can  be  made  worse  and  that  local  and  general  toxic  symptoms 
maj'  be  produced  by  injudicious  treatment,  demands  caution  and 
judgment.  These  statements  apply  not  only  to  jr-rays  and  radium, 
but  to  other  forms  of  treatment  and  to  combined  treatment.  For 
technical  details  relative  to  generalized  roentgenization  the  reader  is 
referred  to  the  chapter  on  General  TherB|>eutic  Considerations. 


Dosage.  — The  author  prefers  .small  doses  for  psoriasis.  In  treating, 
generalized  eruptions  the  dose  is  fractional  or  subtractional  depending 
upon  the  age  of  the  patient,  the  extent  of  the  involved  surface  and  the 
character  of  the  eruption  (acute  or  chronic  in  tjiie).  Circumscrilwd 
areas  are  treated  with  fractional  doses  regardless  of  the  clinical  type. 
Ix)ng  experience  has  demonstrated  that  small  doses  give  better  results 
in  psoriasis  than  do  large  doses,  excepting  when  dealing  with  a  few  small 
lesions.  Heasons  for  this  preference  have  been  given  supra.  Sub- 
intensive  treatment  gives  excellent  results  in  small  lesions  but  no 
better  than  do  fractional  treatments.  H.  Fox  believes  the  opposite 
to  be  true.  He  has  made  stubborn  lesions  disappear  with  large  doses 
that  failed  to  be  benefited  by  small  doses.     The  author  has  time  and 
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(iitif  iiKHiii  tn^atcHl  one  lesion  v^ith  fractional  Ao?e>  and  a  similar  lesion 
on  the  same  |iutient  with  suhenlhema  doi»es  and  always  the  result  has 
In^'h  iitKHit  the  same,  providin^c  that  the  total  fractional  dose  admin- 
istere<l  in  one  month  is  a  little  more  than  that  jsiven  for  the  sulHntensive 
iloM*.  As  an  exanj|>le  assume  that  Hf  S.  I>.  is  applied  to  one  lesion 
and  lli  S.  I>.  is  a|iplierl  to  another  lesion  each  week  for  four  weeks. 
As  a  rule  the  effiea(ry  will  l>e  the  same.  Even  if  we  assume  that  semi- 
intensive  and  suhintensi  ve  treatments  are  slightly  superior  to  fractional 
treatment,  the  diiferenet;  is  not  great,  and  they  can  be  used  only  for 
lo<'ali/<*d  eruptions. 

Krythema  doses,  /.  r„  a  quantity  sufficient  to  evoke  a  first  degree 
nidifKlennatosis  will,  as  a  rule,  effeil  a  fxftter  teuiporarj'  result  than  will 
smaller  dos<s.  '^riiesi.'  large  doses,  however,  may  produce  telangiec- 
tasia. Sueh  treatnu*rit  is  never  advisable.  Even  when  employing 
fractional  treatment  a  first  degretf  reaction  should  be  avoided  if  possible. 

When  treating  small  lesions  it  is  advisable  to  shield  the  normal  skin. 
When  treating  large  surfaces  it  is  not  necessarj'  to  protect  the  normal 
skin,  ^riie  dos<*s  u.s<*d  in  this  disease  are  or  should  be  too  small  to 
injure  nntiirected  skin. 

Routine  Treatment.  Small  lesions,  if  not  acutely  inflamed,  may  be 
treated  with  fractional,  s<*mi-in tensive,  or  subintensive  doses.  Cir- 
<  innscrihed  areas  are  treaterl  with  fractional  doses.  Generalized  and 
nrn'versnl  eruptions  receive  subfracrtional  to  fractional  doses. 

If  the  eruption  diH*s  not  involute  as  a  result  of  a  few  fractional 
tn'jitnients,  if  new  lesions  are  constantly  rieveloping,  or  if  fresh  out- 
hreaks  cf)ntinue  to  occur,  it  is  inadvisable  to  continue  J'-ray  treatment. 

Inllanied  areas  arc  not  irradiated  until  the  acute  symptoms  have 
subsided.  Tlie  use  of  chrysarohin,  pyrogallic  acid,  tar,  mercurj', 
sulj)hur,  salicylic  acid,  t'U.,  is  not  perinittcnl  during  nor  for  a  week  or 
two  previous  or  suhse(|uent  to  irradiation. 

rnictically,  irradiation  is  of  service  in  casts  that  resist  other  methods 
of  treatment,  for  patients  who  have  only  (xrasional  lesions  or  occasional 
attacks,  and  for  patients  who  prefer  to  escape  using  disagreeable  oint- 
ments. As  pointed  out  by  II.  Fox,  the  methcxl  is  particularly  appro- 
priate for  j)soriasis  of  the  hands  and  face  where  chrysarobin  and 
j)yrogallic  acid  cannot  bo  einj)loyed. 

At  a  inirting  of  the  New  York  I  >ermatological  Society  for  Decemlier, 
li)2(),'  there  was  an  exirllent  discussion  relative  to  the  value  of  roent- 
genization  in  the  tn\itniont  of  psoriasis.  Williams.  Wise,  (t.  II.  Fox, 
II.  Fox,  Whitehousi\  Ilighnian,  Fordyce,  and  Winfield  all  made 
pertiiKMit  remarks.  The  reader  should  jx^ruse  this  discussion.  The 
gist  of  the  discussion  was  that  in  a  recurrent  disease  like  psoriasis 
.r-rii ys  should  not  be  employed  as  a  routine,  but  only  by  one  who  knows 
the  disease  and  its  characteristics  and,  also,  one  who  is  an  expert 
ri»enlgen<»lngist.     It  was  admitted  that  when  j)roperly  employed  and 

'  Arch.  Dcniuit.  ami  Syph..  1U20,  H.  2,  p.  200. 
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used  in  selected  cases,  roentgenization  was  a  safe,  efficacious  and  clean 
method  of  obtaining  relief  from  disagreeable  objective  symptoms,  and 
in  gaining  control  of  the  disease.  A  good  point  was  mentioned  by 
Winfield  who  warned  against  allowing  the  patient  to  select  the  treat- 
ment. A  patient  might  obtain  a  good  result  with  ar-rays  and  then 
insist  upon  having  every  subsequent  attack  treated  in  the  same 
manner,  even  going,  perhaps,  to  ignorant  or  unscrupulous  physicians 
for  the  purpose.  Or  the  patient  might  deny  having  had  previous 
ar-ray  treatment.  Arsenical  treatment  offers  an  analogy.  Patients  are 
given  arsenic  for  an  attack  of  psoriasis.  Every  time  a  lesion  develops 
they  take  arsenic  without,  perhaps,  consulting  a  physician.  Many  such 
patients  develop  arsenical  sequete. 

REGIONAL  PSORUSIS. 

Psoriasis  of  the  Scalp.— Most  excellent  results  may  be  obtained  with 
^--rays  in  obstinate  psoriasis  of  the  scalp,  especially  when  the  entire 
scalp  is  involved.  The  manner  of  application  consists  of  the  Kien- 
bock-Adamson  five-exposure  method,  the  details  of  which  will  be  found 
under  the  heading  of  Tinea  Tonsurans.  The  dose  must  not  exceed 
Hi  S.  I),  in  one  month.  This  amount  may  be  applied  at  one  sitting 
or  one  may  give  Hi  twice  weekly  for  two  weeks,  etc.  One  course  of 
treatment  usually  suffices,  if  not,  a  second  course  may  be  given  after  a 
rest  interval  of  one  month.  The  dose  of  H|  S.  D.  must  not  be  exceeded 
as  HJ  S.D.  has  been  known  to  effect  a  defluvium  of  scalp  hair  in  a 
female  blond  with  psoriasis  of  the  scalp.  If  two  or  three  courses  of 
treatment  do  not  effect  involution  of  the  eruption  it  is  advisable  to 
discontinue  the  treatment. 

Psoriasis  of  the  Face.— For  technical  details  relative  to  the  applica- 
tion of  x-rays  to  the  face  and  neck  the  reader  is  referred  to  acne  vulgaris 
and  sycosis.  If  there  are  lesions  on  the  eyelids  and  in  the  eyebrows, 
these  parts  may  receive  as  much  as  HJ  S.  I),  in  a  month,  without 
danger  of  the  hair  falling  out. 

Psoriasis  of  the  Hands  and  Feet.— It  is  often  necessary  to  expose  the 
dorsal  and  palmar  surfaces  of  the  hands,  and  the  dorsal  and  plantar 
surfaces  of  the  feet.  It  is  possible  to  treat  both  palms  or  both  dorsal 
surfaces  of  the  hands  at  the  same  time.  The  same  is  true  regarding 
the  plantar  and  dorsal  surfaces  of  the  feet.  This  method  does  not 
pro\'ide  uniform  dosage  over  such  large  areas,  but  in  the  case  of  psoriasis 
uniform  dosage  is  not  necessary  (for  technical  details  see  h>T>eridrosis). 

Psoriasis  of  the  Nails.— Irradiation  yields  excellent  results  in  psoriasis 
of  the  nails.  Lesions  of  the  nails  are  more  recalcitrant  than  are  those 
of  the  skin.  It  usually  requires  from  six  to  a  dozen  or  more  fractional 
treatments  or  the  equivalent  in  semi-intensive  or  subintensive  treat- 
ments to  effect  the  desired  result.  The  skin  around  the  nails  should 
be  shielded.  For  further  technical  details  the  reader  is  referred  to 
Onychomycosis, 
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Psoriasis  of  the  Scrotum.— Psoriatic  lesions  usually  disappear  so 
promptly  when  irradiated  that  in  ordinary  cases  there  is  no  danger  to 
the  testicles.  Lesions  of  the  scrotum  do  not  require  more  than  three  or 
four  fractional  doses,  as  a  rule,  and  the  amount  is  not  sufficient  to 
injure  the  testicles.  However,  possible  injury  to  these  organs  must 
be  kept  in  mind.  It  is  advisable  not  to  apply  more  than  six  or  eight 
fractional  doses  and  the  course  should  not  be  repeated  for  at  least  a 
month  or  two.  It  is  often  necessary  to  expose  the  entire  scrotum. 
This  requires  a  dose  to  both  the  anterior  and  the  posterior  surface. 
Under  such  treatment  the  testes  will  receive  a  double  exposure.  In 
such  instances  it  is  advisable  to  limit  the  treatment  to  three  or  four 
fractional  doses. 

An  unscreened  flat  radium  applicator  offers  certain  advantages  when 
treating  psoriasis  of  the  scrotum.  The  "soft"  beta  rays  act  very 
superficially  and  also  very  rapidly.  The  exposure  is  so  short  that  the 
dose  of  gamma  rays  received  by  the  testes  is  exceedingly  small. 

Leucoderma  Psoriaticum.—Karely,  after  the  involution  of  psoriatic 
lesions,  the  area  of  skin,  previously  the  site  of  the  lesion,  is  whiter  than 
is  the  normal  skin  of  the  patient.  Around  this  white  area  there  is  an 
areola  which  is  darker  than  the  normal  skin.  The  dark  area  accentu- 
ates the  white  area.  The  afl^ection  is  permanent  or  at  least  it  lasts  for 
a  very  long  time.  Irradiation  should  not  be  blamed  for  this  peculiar 
sequela. 

Filtration.— The  author  has  experimented  ^ith  filtered  ar-rays  in  the 
treatment  of  psoriatic  lesions  of  all  types.  The  results  were  exactly 
the  same  as  those  obtained  with  unfiltered  radiation. 

Radium.— Radium  is  not  suitable  for  widespread  psoriasis.  Small 
lesions  disappear  quickly  as  a  rule  when  treated  with  beta  rays  or 
gannna  rays.  As  far  as  can  be  determined  both  j--rays  and  radium 
are  ecjually  efficacious.  When  treating  lesions  having  a  thick  horny 
layer,  the  "soft"  beta  rays  should  be  eliminated  by  suitable  screening. 
If  the  scales  are  first  removed  an  unscreened  applicator  may  be  used, 
although  it  is  advisable,  as  a  rule,  to  use  a  thin  screen,  say  yo  t^^-  of 
aluminium  or  its  filtering  equivalent  in  some  other  substance,  in  all 
cases,  excc])ting  when  treating  lesions  situated  on  the  scrotum  or 
evelids. 

In  a  general  way  the  discussion  of  the  .r-ray  treatment  of  j)soriasis 
will  answer  for  radium  when  used  for  the  same  puri)()se.  This  includes, 
also  the  (juestion  of  dosage.  For  further  technical  details  the  reader 
is  referred  to  the  chapter  on  Radium  Technic. 


DERMATITIS  EXFOLIATIVA. 

No  references  have  been  found  in  the  literature  relative  to  the  treat- 
ment of  this  aftection  with  .r-rays.  Several  years  ago  the  author 
treated  a  patient  who  had  the  primary  ty])e  of  dermatitis  exfoliativa. 
The  eruption  was  recalcitrant  but  it  finally  (lisapj)eare<l,  either  spon- 
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taneously  or  as  the  result  of  several  months  of  fractional  ar-ray  treat- 
ment. A  relapse  occurred  in  a  short  time  and  further  treatment  had 
no  effect.  Three  additional  cases  were  treated  ^nthout  the  slightest 
improvement.  Two  were  of  the  secondary  tx-pe  while  there  was  some 
doubt  relative  to  the  third  case  although  it,  too,  was  probably  secondary 
to  psoriasis  or  eczema. 

One  other  patient  was  successfully  treated  with  j--rays  for  a  general- 
ized psoriasis.  A  year  later  the  psoriasis  returned  and  became  almost 
universal— a  secondary  dermatitis  exfoliativa.  This  eruption  also 
disappeared  as  a  result  of  irradiation.  Two  years  later  the  universal 
eruption  again  appeared.  A'-rays  had  no  effect.  Autoserum  and  a 
1  per  cent,  chrysarobin  ointment  produced  a  clinical  cure.  One  year 
later  there  was  another  relapse,  the  most  severe  of  all.  This  attack 
lasted  for  many  months  and  finally  disappeared  y^hile  the  patient  was 
taking  large  doses  of  quinine. 

The  j--rays  are,  therefore,  of  uncertain  value  in  primary  and  second- 
ary types  of  dermatitis  exfoliativa  and  also  in  the  transition  stage 
between  psoriasis  and  exfoliative  dermatitis. 

PARAPSORUSIS. 

Wise  treated  a  case  of  generalized  parapsoriasis  of  the  lichenoid 
type  (unpublished).  All  lesions  were  given  four  treatments  at  weekly 
intervals  consisting  of  Hi  S.  D.  unfiltered.  There  was  marked  im- 
provement—about 65  percent.;  after  eight  treatments  nothing  but  a 
few  papules  and  pigmented  macules  remained  on  the  arms.  Ormsby 
tried  roentgenization  in  a  case  of  parapsoriasis  of  this  type  and  also 
in  a  case  of  erythrodermie  pityriasique  en  plaques  disseminees  (para- 
psoriasis in  plaques)  without  result.  Wise  and  Uosen  failed  to  note 
improvement  in  a  case  of  parapsoriasis  in  plaques  under  rather  pro- 
longed irradiation.  The  case  was  one  that  resembled  the  premycotic 
stage  of  mycosis  fungoides.  The  fact  that  the  eruption  failed  to  im- 
prove under  the  influence  of  a'-ra^'S  was  used  by  these  writers  as 
evidence  in  favor  of  a  diagnosis  of  parapsoriasis.  Mycosis  fungoides 
is  exceedingly  amenable  to  j'-ray  treatment,  especially  in  the  early 
stages  of  evolution. 

Maki  found  o'-rays  of  value  in  the  treatment  of  parakeratosis  varie- 
gata.  The  original  article  is  not  available  and  the  abstract  does  not 
give  details. 
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CHAPTER  XXIV. 
LICHEN  PLANUS.^ 

ScnoLTZ  (1902)  was  the  first  to  enter  the  Hterature  with  the  report 
of  a  case  of  lichen  planus  treated  with  j--rays.  Additional  cases,  in 
all  of  which  the  results  were  favorable,  were  soon  reported  by  Zeisler, 
Edwards,  Pusey,  Gilchrist,  Allen  and  many  others. 

These  reports  all  related  to  the  j:-ray  treatment  of  circumscribed 
patches  of  chronic  lichen  planus  and  lichen  planus  hypertrophicus. 

Lustgarten  (1904)  obtained  good  results  with  a*-rays  in  generalized 
lichen  planus.  Montgomery  (1906)  cured  a  patient  who  had  a  univer- 
sal and  very  severe  lichen  planus.  The  patient  had  not  been  entirely 
free  of  the  eruption  for  seventeen  years.  The  eruption  had  been 
universal  for  several  months.  It  disappeared  as  a  result  of  irradiation 
over  a  period  of  three  months. 

Modern  literature  contains  few  references  of  importance.  Knox 
dismisses  the  subject  with  a  single  sentence.  While  most  text-books 
on  dermatology  and  roentgenology^  state  that  the  ;r-rays  are  useful  in 
th^  treatment  of  chronic  types  of  lichen  planus,  the  subject  has  not 
received  the  attention  it  deserves.  Blaschko,  H.  Fox,  Wise,  Stern  and 
others  have  testified  to  the  efficacy  of  the  .r-rays  in  localized  and 
generalized  lichen  planus.  Incidentally  Ormsby  cured  a  case  of  lichen 
planus  atrophicus  with  ar-rays. 

Wickham  and  Degrais  seem  to  have  been  the  first  to  report  the 
treatment  of  lichen  planus  with  radium.  They  cured  isolated  j)atches 
of  chronic  lichen  planus  in  several  patients.  They  also  cured  one  case 
of  zosteriform  lichen  planus.  Simpson,  Newcomet,  Finzi  and  others 
recommend  radium  but  have  little  to  say  about  the  subject. 

The  literature  has  been  looked  over  rather  carefully  and  in  view  of 
the  very  marked  efficacy  of  x-rays  and  radium  in  the  treatment  of 
lichen  planus  it  is  rather  astonishing  to  note  the  paucity  of  good 
articles  dealing  with  this  subject. 

Types  of  Lichen  Planus.— Lichen  planus  usually  develops  slowly  and 
runs  a  chronic  course.  The  sites  of  predilection  are  the  flexor  surfaces 
of  the  forearms,  the  inner  aspects  of  the  thighs,  the  glans  penis  and  the 
buccal  mucosa;  but  almost  any  part  of  the  body  may  be  involved;  the 
eruption  in  fact,  may  be  generalized.  The  elementary  lesion  is  a 
pinhead-sized,  flat-topped,  shiny,  smooth,  more  or  less  polygonal, 
sometimes  umbilicated  papule.    The  color  is  lilac— violaceous.    The 

^  For  explanation  of  terms  used  in  this  chapter  to  express  dosage  sec  Chapters  X  and 
XIX. 
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subjective  symptom  is  itching  which  may  vary  from  mild  to  intense. 
The  papules  may  be  discrete  or  they  may  be  grouped  into  large  patches 
of  eruption.  They  may  coalesc*e  into  a  solid  patch  of  lichenification  — 
a  mosaic.  They  may  form  linear,  annular  and  gyrate  configurations. 
Lichen  planus,  untreated  may  last  for  months  or  years.  Individual 
lesions  may  persist  or  the  eruption  may  continue  to  exist  through  the 
formation  of  new  lesions,  the  older  lesions  undergoing  spontaneous 
involution.  It  seems  to  be  the  general  conseasus  of  opinion  that  the 
spontaneous  cure  of  lichen  planus  is  uncommon.  This,  however,  is 
not  the  author's  impression.  While  not  desiring  to  make  a  definite 
statement,  personal  impression  is  that  many  if  not  most  cases  of 
ordinary  lichen  planus  will  disappear  without  treatment  in  from  four 
months  to  a  year  or  two. 

Individual  papules  of  lichen  planus  may  at  times  increase  markedly 
-in  size  or  individual  patches  may  become  thickened — lichen  planus 
hypertrophicus.  Such  patches  may  become  hyperkeratotic  or  verru- 
cous—lichen  planus  verrucosus.  These  types  are  exceedingly  per- 
sistent and  recalcitrant  and  are  situated  usually  on  the  legs.  They 
may  persist  almost  indefinitely. 

Occasionally  lichen  planus  may  develop  rapidly  as  an  acute  exanthem 
with  a  generalized  or  almost  universal  distribution.  In  such  instances 
the  elementary  lesions  are  so  tiny  and  so  closely  crowded  that  they  are 
likely  to  be  overlooked.  The  color  is  a  dull  crimson;  there  may  be 
slight  scaliness;  the  subjective  symptom  is  a  very  distressing  combina- 
tion of  burning  and  itching. 

There  are  other  types  of  lichen  planus,  but  we  are  concerned  only 
with  the  varieties  that  are  known  to  be  amenable  to  irradiation.  For 
further  details  relative  to  clinical  types  the  reader  is  referred  to  stand- 
ard text-books  on  dermatology  and  to  articles  by  Little,  White,  and 
Fordyce  and  MacKee. 

Lichen  planus  of  the  mouth  may  simulate  leukoplakia  and  inasmuch 
as  the  technical  requirements  are  different  in  the  two  diseases  correct 
diagnosis  is  of  the  utmost  importance.  Lichen  planus  is  recognized 
by  reticulation  of  the  mucous  membrane  eruption  and  by  a  concomi- 
tant eruption  of  the  skin. 

Effect  of  Irradiation. —The  result  of  a:-ray  and  radium  treatment  will 
depend  upon  the  various  characteristics  of  the  eruption. 

Acute  Exanthem  Type.— The  author  has  treated  three  cases  of  this 
tyi)e  with  .r-rays.  The  results  have  been  excellent.  The  worst  and 
most  interesting  case  was  referred  for  roentgenization  by  John  Lane,  of 
New  Haven.  With  the  exception  of  the  scalp  and  face,  the  eruption 
was  universal.  The  eruption  consisted  of  one  solid  sheet  of  confluent, 
tiny  pai)ules  which  could  he  seen  only  with  a  side  light.  The  color  was 
a  (lull  crimson.  The  subjective  symptoms  were  burning  wuth  intense 
itching.  The  eruption  had  been  present  for  six  months  and  had  not 
improved  under  arsenic  and  mercury  by  ingestion.  The  very  first 
.r-ray  treatment  lessened  the  itching  and  burning.     These  symptoms 
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d  rapidly  and  I'litin-ly  flisiipijesireil  in  less  thiin  three  weeks, 
ption  showeil  eviileiRv  iif  iiivulution  after  the  first  treatment. 
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The  involution  was  continuous.    The  patient  was  cured  and  di^ 
charged  in  seven  weeks.    There  has  been  no  relapse  since  1917.  ^ 

The  second  patient  had  a  mild  attack  of  lichen  planus  which  dis-'^^ 
appeared  in  two  months.    One  month  later  there  was  an  acute  universal 
eruption  which  continued  unchanged  for  four  months  when  x-ray  treat- 
ment was  begun.    The  patient  was  cured  in  six  weeks.    There  has  been 
no  evidence  of  the  disease  for  nearly  two  years.    Roentgenization 
proved  especially  efficacious  in  the  third  patient. 

Generalized  Lichen  Planus.— In  the  past  ten  years  (clinic  and  private) 
30  patients  with  generalized  lichen  planus  have  been  treated  with 
a*-rays.  The  eruption  has  varied  in  extent,  sometimes  being  widely 
distributed  over  the  extremities,  sometimes  involving  the  back,  chest 
and  abdomen.  In  every  instance  the  eruption  has  disappeared 
promptly  as  a  result  of  a--ray  treatment,  usually  in  a  few  weeks.  Most 
of  the  patients  remained  well.  In  a  few  there  were  relapses.  One 
patient  continued  to  develop  new  lesions  over  a  period  of  two  years  in 
spite  of  .r-rays,  arsenic  and  mercury.  The  outcome  of  this  ease  is 
unknown. 

Localized  Lichen  Planus.— Localized  patches  of  ordinary  lichen  planus 
involute  rapidly  when  irradiated.  One  or  two  suberythema  doses  or 
from  four  to  eight  fractional  doses  usually  suffice  for  a  cure.  New 
lesions  may  develop  in  the  site  of  the  former  eruption  or  in  new  loca- 
tions. This  is  not,  however,  the  rule.  It  must  not  be  inferred  that 
irradiation  prevents  recurrence  or  that  it  exerts  any  influence  on  the 
unknown  etiological  factor.  All  that  can  be  said  is  that  irradiation  will 
cause  prompt  disappearance  of  the  lesions. 

Eighty-seven  cases  of  localized  lichen  planus  have  been  treated  with 
j-rays.  Many  of  these  cases  were  of  the  hypertrophic  type,  a  few  were 
of  the  verrucous  variety;  1  patient  presented  a  hypertrophic  lichen 
with  lesions  as  large  as  a  split  walnut  (Dr.  Whitehouse's  patient). 

The  results  obtainable  in  hypertrophic  lichen  planus  depend  upon 
the  duration  of  the  eruption  and  the  thickness  of  the  tissue.  One 
erythema  or  suberythema  dose,  or  from  four  to  eight  fractional  doses 
will  usually  cause  complete  involution  of  individual  hjijertrophic 
papules  and  small  patches  of  h}T)ertrophic  lichen  planus.  Large,  thick 
patches  are  more  stubborn  and  may  require  irradiation,  intensive  or 
fractional,  over  a  period  of  two  or  three  months. 

\^errucous  lichen  planus  is  comparatively  very  recalcitrant,  often 
requiring  from  three  to  six  intensive  doses,  depending  of  course  upon 
the  size  of  the  lesion  and  the  amount  of  acanthosis  and  hj^perkeratosis. 

The  patient  with  the  tumor-type  of  lichen  received  two  intensive 
applications  hut  failed  to  remain  under  observation.  When  last  seen 
there  was  some  improvement. 

Lichen  planus  of  the  mucous  membranes  disappears  very  quickly 
when  treated  with  .r-rays  or  radium.  Four  cases  of  lichen  planus  of 
the  glans  penis,  2  cases  with  lesions  on  the  lower  lip,  2  cases 
witli  lesions  on  the  dorsal  surface  of  the  tongue,  and  4  cases  iiith 


LOCALIZED  LICHEN  PLANUS 


'eruption  on  the  mucous  surfaces  of  tbe  cheeks  were  cured 
or  two  intensive  or  suhintensive  treatments.  Most  of  these 
(vere  treated  with  radium. 
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Irradi&tion  vb.  Arsenic  and  Mercury.  — It  b  the  general  <x)nsensiis  nf 
upiiiinii  among  lieriiiatiilogists  tliiit  mercury  ttiul  arsenic  are  very 
efficaciulls  in  most  of  the  cases  of  hcheii  plaims.  Many  nifii  a.re 
enthusiastic  over  the  results  obtained  with  these  drugs.  Mowever. 
thereisnouiiammity  of  opinion.  White,  in  an  excellent  artifle,  stales: 
"It  is  an  aphorism  in  clinical  medicine  that  the  greater  the  number  of 
drugs  recommended  in  the  treatment  of  a  disease,  the  less  sati.sfaclory 
are  any  of  them  therapeutically.  Thus  the  long  list  of  drugs  u,seii  well 
illustrates  my  evident  inuhility  to  master  the  cure  of  lichen  planus.     In 


Fta.  139. — Lichen  planus  hypenro  phicus  before? 
iBlB  re|>regenl'  hyperTrophiir  liehen  plmius  papules 
Ui(-  of  i-rrwa  vulgarU. 


fact  I  must  acknowledge  my  pessimism.     In  truth,  I  must  freely  «mfes&;_ 
that  in  ray  opinion  we  have  no  internal  remedy  worthy  of  the  name.'  "^ 
White  also  avers  that  "  roentgen  rays,  in  my  exi>erience,  have  pnived 
broken  reed  to  lean  on." 

Zeisler.  Hartzell,  Pusey.  Trimble,  Pollit^er,  and  l-ieljerthal,  in  di 
cussing  the  articles  by  Little,  and  White,  all  agreed  that  arsenic  ar— - 
mercury  were  very  useful  remedies.     Little  obtains  very  quick  resiil^^ 
with  eiiesol  (a  combination  of  arsenic  and  mercury)  in  2  c.c.  dor^^sai 
administered  by  injection  every  second  da,\-  for  about  six  weeks.  j^ 
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most  cases  itching  wases  in  ulmut  a  week  iind  tlie  eruption  disappetirs    ^^| 
ill  about  a  miiiith  or  six  we<^ks.    Onnsby  finds  that  a  dozen  injections     ^^| 
of  bichloride  of  niercury  will  cure  ordinary  cases.     Pollitzer  obtains    ^^| 
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quick  results  with  injections  of  arsenic.    Salvarsan  has  been  used  by 
a  number  of  men  with  indifferent  results. 

The  author  has  not  administered  arsenic  and  mercury  by  h^TJo- 
dermic  injection  in  cases  of  lichen  planus.  I  lis  results  with  these 
drugs  when  given  by  ingestion  have  not  been  satisfactory.  In  reading 
over  the  literature  dealing  with  the  treatment  of  lichen  planus  and 
noting  the  large  number  of  drugs  advocated  by  different  men  for 
internal  administration  and  external  application,  including  advice 
relative  to  hygiene,  rest,  diet,  etc.,  one  is  impressed  with  the  fact  that 
the  disease  is  hard  to  cure  and  that  the  action  of  arsenic  and  merc-ury 
is  uncertain. 

The  author  has  gained  the  impression  that  many  cases  of  ordinary 
lichen  planus  will  disappear  spontaneously  in  from  four  to  eight 
months  and  as  it  usually  requires  this  length  of  time  for  a  cure  with 
arsenic  or  mercury  (by  ingestion)  the  inclination  is  to  question  the 
efficacy  of  these  drugs  when  used  in  this  manner. 

Irradiation  will  cause  the  prompt  involution  of  lichen  planus  erupH 
tions.  It  affonls  quick  relief  from  itching.  Although  recurrences 
are  not  common  it  cannot  be  said  that  irradiation  does  more  than 
relieve  subjective  and  objective  symptoms.  Practically,  irradiation  is 
effective  in  all  cases  and  the  relief  is  obtained  more  quickly  than  by 
any  other  method  of  treatment  other  than  the  hypodermic  adminis- 
tration of  arsenic  and  mercury  as  advocated  by  Little,  Pollitzer, 
Ormsby  and  others.  If  such  treatment  is  effective  in  the  majority  of 
cases  of  ordinary  lichen  planus  it  is,  then,  the  method  of  election.  If 
not,  it  must  give  way  to  irradiation. 

At  the  present  moment  it  seems  unwise  to  advise  o'-rays  as  a  routine 
treatment  in  cases  of  generalized  lichen  planus.  They  should,  how- 
ever, be  employed  in  case  the  eruption  docs  not  respcmd  promptly 
to  injections  of  arsenic  and  mercury.  Combined  treatment  seems 
advisable  in  many  cases. 

It  seems  ])referable  to  employ  .r-rays  or  radium  for  localized  patches 
of  lichen  planus  rather  than  depend  uj)on  constitutional  remedies. 

Concluding  this  phase  of  the  subject  it  may  be  said  that  jr-rays 
constitute  the  best  remedy  we  possess  for  external  use  in  the  treatment 
of  generalized  lichen  planus.  Radium  and  .r-rays  are  of  equal  efficacy 
for  circumscribed  areas  of  disease.  There  is  and  will  be  for  some  time, 
a  ccmtroversy  relative  to  the  comparative  efficacy  of  .r-rays  and  radium 
on  the  one  hand,  and  arsenic  and  mercury  on  the  other  hand. 

Sequelae  of  Lichen  Planus.  —  Lichen  planus  may  be  associated  with  very 
marked  pigmentation.  At  times  this  staining  or  j)ignientation  may 
persist  for  several  months  after  the  eruj)tion  has  disa])pcared.  Lichen 
planus  sclerosus  (lichen  planus  atroj)hicus;  lichen  planus  morpheicus) 
leaves  areas  of  atr()j)hy,  depigmentation  or  scars.  Scarring  may  also 
occur  in  the  vesicular  type  of  lichen  planus,  and  j)igmcntati()n  and 
scarring  may  be  produced  traumatically  (scratcliing)  in  ordinary  lichen 
planus.     A'-rays  and  rachum  should  not  be  blamed  for  these  scquehe. 
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Techmc— Generalized  and  Unirersal  Kruptio7is,—The  method  of 
applying  x-rays  to  extensive  surfaces  or  to  the  entire  body  is  described 
in  detail  in  the  chapter  on  General  Therapeutic  Considerations.  In 
acute  cases  the  dose  should  be  Hf  S.  I),  once  weekly;  in  chronic  types, 
HJ  S.  D.  once  weekly. 

Eruptions  that  are  not  generalized  but  which  occupy  fairly  extensive 
surfaces,  such  as  the  entire  forearm,  may  be  treated  with  fractional  or 
semi-intensive  applications. 

Circumscribed  Eruptions.— Small  patches  of  ordinary  lichen  planus 
seem  to  respond  equally  well  to  fractional  or  suber>i:hema  doses. 
These  eruptions  disappear  very  quickly  under  the  influence  of  full 
erythema  doses,  but  such  treatment  is  unnecessary  and  inadvisable. 

The  author  prefers  intensive  treatment  for  hj^^ertrophic  lichen 
planus.  These  lesions  will  tolerate  full  erythema  doses  on  account  of 
the  thickened  epidermis.  As  soon  as  the  hyperkeratosis  and  acanthosis 
are  diminished,  the  dose  should  be  reduced  in  size.  The  very  thick 
horny  layer  of  lichen  planus  verrucosus  will  permit  hyperintensive 
applications,  at  least  until  the  horny  layer  and  rete  are  reduced  in 
thickness.  When  employing  these  large  doses  the  normal  skin  must 
be  adequately  protected  with  lead  foil  or  other  suitable  material.  For 
details  relative  to  the  application  of  a*-rays  to  convex  and  concave 
surfaces  and  to  lesions  of  various  sizes,  the  reader  is  referred  to  the 
chapter  on  General  Therapeutic  Considerations. 

Filtration.— VHtration  of  roentgen  radiation  is  of  no  value  in  the 
treatment  of  lichen  planus  of  the  ordinary  t\T)es.  It  may  be  used  to 
advantage  when  treating  the  hypertrophic  or  verrucous  type  of  the 
disease. 

Radium.— Flat  applicators  give  excellent  results  in  localized  patches 
of  lichen  planus.  No  filtration  is  necessary  for  mucous  membrane 
lesions  or  for  very  flat  patches  in  the  skin.  If  the  lesions  are  infiltrated, 
a  screen  of  about  jV  ^im.  of  aluminium  is  advisable  in  order  to  elimi- 
nate the  "soft''  beta  rays.  When  treating  hypertrophic  or  verrucous 
lesions  it  is  preferable  to  use  only  the  gamma  rays.  What  has  been 
said  relative  to  the  x-ray  treatment  of  lichen  planus  applies  in  general 
to  the  use  of  radium  for  the  same  purpose.  For  technical  details  the 
reader  is  referred  to  the  chapter  on  Radium  Technic. 
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CHAPTER  XXV. 
PRURITIS.    PRURIGO.' 


TiiK  analgesic  and  antipruritic  properties  of  x-rays  were  early 
recognized.  The  earliest  text-books  called  attention  to  these  attri- 
butes of  the  radiation  (Freund,  Pusey,  Williams,  Belot,  Allen,  etc.). 

For  many  years  it  was  thought  that  ar-rays  were  a  powerful  and  useful 
analgesic  for  the  relief  of  pain.  Hence  we  read  of  the  apparent  benefit 
of  such  treatment  in- cases  of  zoster,  sciatica,  neuritis,  rheumatism, 
neuralgia  and  many  other  diseases  in  which  pain  is  a  prominent 
symptom. 

Stembo  reported  28  cases  of  neuralgia  with  75  per  cent,  of  cures  in 
three  treatments.  Grunmach  found  ir-ravs  useful  in  intercostal  and 
facial  neuralgia.  Freund  and  Gocht  report  the  cure  of  a  case  of  severe 
trigeminal  neuralgia  of  ten  years*  duration.  Wickham  and  Degrais, 
Xewcomet,  Schiff,  and  others  testify  to  the  analgesic  action  of  radium 
in  herpes  of  different  types  including  zoster,  and  neuralgia.  Xewcomet 
gives  C.  L.  Leonard  the  credit  for  being  the  first  or  one  of  the  first  to 
recognize  this  action  of  a*-rays  on  the  sensory  nerves. 

In  recent  years  very  little  is  heard  relative  to  the  ability  of  x-rays  or 
radium  to  relieve  pain  by  direct  action  on  the  nervous  system.  Theo- 
retically, such  action  is  possible  but  in  practice  irradiation  as  a  rule 
seems  to  be  of  little  if  any  value. 

Occasionally  a  roentgenologist  will  report  the  entire  subsidence  of 
neuralgic  pain  subsequent  to  the  making  of  one  or  more  roentgenograms 
of  the  affected  part.  Such  phenomenon  is,  however,  unusual  and  may 
or  may  not  be  due  to  the  radiation. 

The  author  has  seen  a  number  of  patients  who  aver  that  neuralgic 
pain  was  made  worse  by  roentgenization.  In  two  instances  pain  did 
not  develop  until  after  roentgenograms  were  taken.  One  patient,  who 
had  had  a  roentgenologic  examination  of  the  accessory  nasal  sinuses, 
developed  neuralgic  pain  in  the  back  of  the  head  which  lasted  for 
several  weeks.    There  was,  also,  temporary  alopecia. 

Suffic^e  it  to  sav  that  there  is  verv  little  trustworthv  evident*e  to 

«.  %  •«• 

support  the  theory  that  x-rays  or  radium  can  lessen  pain  by  direct 
action  on  nerve  tissue.  The  concrensus  of  modern  roentgenologic 
opinion  is  that  irradiation  is  not  indicated  in  such  diseases  as  zoster, 
neuralgia,  rheumatism,  etc.  In  the  few  instances  when  relief  from 
pain  is  the  apparent  result  of  irradiation,  it  is  possible  that  psycho- 
logical influence  is  the  basis  for  the  analgesic  action. 

*  For  explanation  of  terms  used  in  this  chapter  to  express  dosage  see  Chapters  X 
and  XIX. 
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In  such  diseases  as  mycosis  fungoides,  epithelioma,  sarcoma,  adenitis, 
etc.,  a'-rays  and  radium  may  lessen  pain  by  promoting  resolution  of 
infiltration  and  exudation— indirect  action.  Many  modern  practi- 
tioners believe  that  j'-rays  and  radium  lessen  the  pain  of  epithelioma  by 
direct  action.  This  may  be  true  but  there  are  many  skeptics  of  which 
the  author  is  one. 

PRURirUS. 

That  irradiation  will,  as  a  rule,  promptly  arrest  the  itching  that 
accompanies  such  affections  as  eczema,  lichen  planus,  mycosis 
fungoides,  neurodermatitis,  etc.,  is  a  well-established  fact  and  need 
not  be  discussed  here.  We  are  now  dealing  with  pruritus  that  is 
independent  of  any  eniption  (pruritus  essentialis)  although  lesions  or 
an  erupticm  may  develop  secondarily  as  a  result  of  rubbing,  scratching 
and  strong  topical  remedies. 

Generalized  Pruritus. — Very  little  is  known  regarding  the  value  of 
.r-rays  in  the  treatment  of  widespread  essential  pruritus.  Oulmann 
reports  the  cure  of  generalized  pruritus  (idiopathic)  of  ten  years' 
duration.  The  itching  was  most  marked  on  the  chest  and  back. 
The  patient  was  thirty  years  of  age.  Kromayer,  and  H.  Fox  have 
obtained  good  results  with  .r-rays  in  more  or  less  generalized  essential 
pruritus. 

The  author  has  treated  a  number  of  cases  of  generalized  and  universal 
pniritus  and  [)ersistent  itching  of  large  areas,  of  unknown  etiology'. 
The  results  have  been  encouraging,  but  more  experience  is  necessary 
before  cases  can  be  pr()[)erly  selected. 

At  the  present  moment  the  author  is  of  the  opinion  that  irradiation 
is  not  indicated  in  widespread  pruritus  excepting  when  it  is  impossible 
to  ascertain  and  remove  the  cause  of  the  itching  and  when  the  distress- 
ing symptom  continues  in  spite  of  regular  dermatological  treatment. 
In  such  instances  j'-ravs  are  likelv  to  be  of  real  service. 

The  technic  does  not  differ  from  that  given  under  the  headings  of 
eczema  and  lichen  planus.  The  dose  should  be  small  — IIJ  to  J  S.  L). 
un filtered,  once  weeklv. 

Regional  Pruritus.-  All  who  have  had  considerable  experience  with 
.r-rays  and  radium  testify  to  the  efficacy  of  thesi*  agents  in  the  treat- 
ment of  ])ersistcnt  itching  of  the  vulva,  anal  region  and  scrotum.  As 
a  rule  the  itching  will  disappear  entirely  as  a  result  of  one  or  two 
suberythema  doses  or  from  four  to  eight  fractional  doses.  Tsually 
there  is  no  relief  for  at  least  two  weeks  subsequent  to  the  histitution 
of  treatment  and  complete  relief  is  not  obtained  for  from  four  to  eight 
weeks.  The  treatment  is  almost  certain  to  effect  at  least  t(»mi)orary 
relief. 

The  author  has  treated  85  cases  of  regional  pruritus,  mostly  of  the 
anus  and  vulva,  with  .r-ravs.  The  cause  could  not  be  ascertained  in 
any  of  these  cases.  Two  patients  failed  to  improve  even  when  the 
treatment  was  pushed  to  a  mild  first  degree  reaction.     Another  patient 
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require<l  ten  fractional  treatments  at  weekly  intervals  for  complete 
relief.  The  severe  itching  returned  in  a  month.  The  patient  was  a 
highly  neurotic  female.  She  refused  to  submit  to  further  roentgeniza- 
tion.  In  all  the  other  patients  the  itching  was  arrested  in  one  or  two 
months  and  there  was  no  recurrence  for  at  least  several  months. 

There  is  considerable  doubt  about  the  frequency  of  recurrence. 
In  private  practice  many  of  the  patients  have  a  recurrence  in  from  a 
few  months  to  a  year  or  two.  The  author  has  a  number  of  patients 
who  require  a  suberythema  dose  or  a  course  of  fractional  treatments 
about  once  a  year.  In  all  but  two  patients  each  recurrence  has  dis- 
appeared promptly  under  the  influence  of  ar-rays.  One  patient  finally 
failed  to  obtain  relief  even  with  an  erythema  dose.  In  another  patient 
the  recurrences  are  becoming  more  frequent  and  more  stubborn. 

The  author  knows  of  6  patients  who  did  not  have  recurrences. 
Most  of  the  patients  were  not  seen  after  their  first  course  of  treatment. 

The  impression  gained  is  that  irradiation  provides  the  most  certain 
method  of  obtaining  at  least  temporary  relief  in  cases  of  regional 
pruritus.  It  is  successful  in  nearly  every  case.  The  relief  may  be 
permanent  but  recurrences  are  the  rule.  Everything  possible  should 
be  done  to  locate  and  overcome  the  cause  of  the  itching. 

Complication8.— The  usual  dermatological  complications  of  pruritus, 
especially  regional  pruritus,  are  eczema,  pyoderma  and  lichenification. 
These  complications  usually  disappear  promptly  under  the  combined 
effects  of  irradiation,  soothing  topical  remedies  and  cessation  of  scratch- 
ing and  rubbing. 

Topical  Remedies.— There  is  no  objection  to  the  use  of  menthol, 
diluted  carbolic  acid,  camphor  and  anesthesin  as  antipruritics  during 
the  treatment,  but  strong  preparations  of  oil  of  cade  and  sulphur 
should  be  avoided. 

Techxdc.  —  Pruritus  ^m.— The  anal  region  is  concave  and  it  is  desir- 
able to  flatten  the  area  as  much  as  is  possible.  This  can  be  accom- 
plished fairly  well  by  having  the  patient  lie  on  the  stomach.  The 
gluteal  fold  may  be  separated  by  the  patient  with  his  hands.  To  insure 
against  motion  it  is  preferable  to  separate  the  gluteal  fold  with  two 
pieces  of  zinc  plaster.  The  proximal  ends  of  the  strips  are  attached  to 
the  buttocks  and  the  distal  ends  are  fastened  to  the  table. 

The  lithotomy  position  is  also  suitable  for  this  purpose  although  it  is 
less  comfortable.  The  lithotomy  position  (patient  on  back  with 
thighs  flexed  on  abdomen)  is  the  best  position  when  it  is  necessary 
to  expose  the  anus,  the  perineum  and  the  vulva  or  scrotum,  as  is  often 
the  case. 

In  women  it  is  often  necessary  to  expose  the  entire  region  from  the 
pubis  to  and  including  the  anus.  In  some  instances  this  may  be  done 
by  placing  the  target  opposite  the  perineum.  In  many  patients  it  is 
necessary  to  make  two  exposures— one  with  the  target  opposite  the 
upper  part  of  the  vulva  and  one  ^v^th  the  target  opposite  the  anus. 
The  radiation  from  the  two  exposures  is  allowed  to  overlap  upon  the 
26 
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IH'riiKuiin  and  lower  part  of  the  vulva.    One  position  should  be  nearly 

at  right  angles  to  the  other. 

The  legs,  and  in  faet  all  unaffected  parts,  should  be  adequately 
acrvvuvd. 

Filtered  j'-rays  offer  no  advantage  over  unfiltered  radiation. 

Doftagc.—The  dose  may  be  either  fractional  or  subintensive.  The 
results  appear  to  be  the  same  in  either  case.  Full  er\i;hema  doses  are 
to  !)e  avoided  on  account  of  the  possibility  of  telangiectasia  and  other 
seciuehe.  It  has  !)cen  the  author's  experience  that  if  itching  cannot 
be  arrestiMl  by  administering  a  quantity  of  radiation  that  is  insufficient 
to  ])rc)vokc  an  erythema,  larger  doses  will  also  fail.  Also,  if  two  or 
tlire(»  months  of  irradiation  does  not  prove  efficacious,  there  is  no  use 
in  continuing  the  treatment.  There  may  be  a  deflu\ium  of  hair  but 
the  aloi)ecia  is  usually  temporary. 

Pruriiu,s  I  '///rff.— The  technic  for  irradiating  the  vulva  is  given  under 
the  prccc<ling  heading.  The  patient  should  understand  that  there 
may  !)e  a  temporary  loss  of  hair  and  that,  if  the  affection  is  recalcitrant, 
the  loss  of  hair  may  lie  permanent.  There  is  no  danger  to  the  ovaries 
with  the  dosage  used  in  practice  for  this  purpose.  Occasionally  it  is 
necessary  to  separate  the  la!>ia  majone.  This  the  patient  may  do  her- 
self with  the  fingers  or  the  parts  may  Iw  held  apart  by  means  of  zinc 
plaster. 

Vruriuts  Scroti,  — In  treating  ])ruritus  of  the  scrotum  with  a*-rays 
care  must  be  had  not  to  injure  the  testes.  It  is  safe  to  administer 
from  four  to  six  fractional,  unfiltered  treatments  to  both  the  anterior 
and  posterior  surfaces  of  the  scrotum.  If  more  than  this  amount  of 
radiation  is  rccjuired,  as  is  very  often  the  case,  the  semen  should  be 
examined  at  weekly  intervals  and  the  patient  should  be  told  of  the 
j)()ssil>ility  of  az()(')si)erniia.  Kven  when  it  is  necessary  to  push  tlie 
treatment  to  the  ])oint  of  reducing  the  spermatozoa  numerically  or  to 
comi)lete  azo(')sj)ermia  then*  willras  a  rule,  be  complete  regeneration 
upon  cessation  of  treatment.  It  is  possible,  of  course,  to  effect  per- 
manent azocispermia.  Tlie  exact  (juantity  necessary  for  this  purpose 
is  unknown  to  the  author.  The  roentgenologist  should  not  ac(*ept  this 
resj)onsil)ility.  In  every  recalcitrant  case  the  patient  should  be  made 
acquainted  with  the  risk,  his  semen  should  be  examined  before  institu- 
tion of  treatment  and  at  frec^uent  intervals  during  the  treatment. 
Men  who  have  suffered  for  years  with  severe  pruritus  scroti  will,  as  a 
rule,  willingly  assume  the  risk  of  permanent  azocispermia,  especially 
if  they  are  beyond  middle  life  as  is  likely  to  be  the  case. 

An  unscreened,  flat,  radium  applicator  would  seem  to  be  esiK^cially 
suitable  for  the  treatment  of  pruritus  scroti.  A  full-strength  unscrc*ened 
ap[)licator  applied  for  from  three  to  five  minutes  to  one  area  after 
another  until  the  entire  scrotum  has  been  treated,  will  often  suffice 
for  a  clinical  cure.  If  not,  the  treatment  may  be  repeated  in  three  or 
four  weeks.    The  quantity  of  ganuna  and  "hard"  beta  rays  reaching 
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the  testicle  ynW  be  insufficient  for  the  production  of  azoospermia. 
Furthermore,  when  applying  radium  to  any  one  part  of  the  scrotum,  the 
testicle  can  be  pushed  to  one  side. 

It  is  usually  necessary  to  apply  x-rays  to  both  the  anterior  and  the 
posterior  surfaces  of  the  scrotum.  This  may  be  accomplished  by 
having  the  patient  lie  on  his  back.  The  scrotum  is  held  in  contact 
with  the  abdomen  by  the  patient's  fingers.  The  fingers,  of  course, 
should  be  shielded.  An  exposure  is  now  made  to  the  posterior  surface 
of  the  scrotum.  The  posterior  surface  is  now  allowed  to  rest  on  a 
folded  towel  which  is  placed  between  the  legs,  and  the  anterior  surface 
is  irradiated. 

Radicular  Roentgen  Therapy.— Zimmern  and  Cottenot  recommend 
what  they  term  "radicular  radiotherapy'*  for  pruritus  and  neuralgia. 
The  method  consists  of  applying  jr-rays  to  the  region  of  the  emergence 
of  the  spinal  nerves.  They  claim  success  in  sciatica,  brachial  neu- 
ralgia, neurodermatitis  and  psoriasis. 

Radium.— The  use  of  radium  for  the  treatment  of  pruritus  scroti 
has  been  already  discussed.  The  author  has  had  very  little  experience 
With  radium  in  regional  pruritus  essentialis  of  other  parts.  Occasion- 
ally he  has  placed  a  tubular  radium  applicator  in  the  anus  together 
with  the  application  of  j-rays  externally  (cross-fire).  Also  he  has  tried 
beta  rays  of  radium  in  cases  where  jr-rays  have  failed;  the  results  were 
negative.  In  general  what  has  been  said  relative  to  the  treatment  of 
regional  pruritus  with  x-rays  pertains  also  to  radium.  For  technical 
details  the  reader  is  referred  to  the  chapter  on  Radium  Technic. 

Wickham  and  Degrais,  Bayet,  Schiff,  Knox,  Newcomet,  Finzi, 
Simpson,  Vignolo-Lutati  and  others  have  obtained  excellent  results 
with  radium. 

PRURIGO. 

Prurigo  Nodularis.— Zeisler  treated  a  case  of  prurigo  nodularis  with 
ar-rays.  The  case  was  benefited  but  it  was  not  cured.  Trimble  failed 
to  note  relief  in  one  case.  C.  J.  White  treated  a  case  of  lichen  obtusus 
corneus  in  which  a  diagnosis  of  prurigo  nodularis  was  considered. 
A'-rays  were  not  beneficial.  There  has  been  no  personal  experience 
with  j*-rays  or  radium  in  this  rare  disease,  but  such  treatment,  theo- 
reticallv,  should  be  beneficial. 

Prurigo  Mitis.— Schultz  has  roentgenized  cases  of  prurigo  of  Hebra 
and  has  obtained  relief  from  the  itching  and  eruption  for  periods  of 
from  four  to  six  weeks.  Hahn,  and  Belot  report  clinical  cures.  Scholtz 
failed  to  note  any  effect  in  one  case  and  improvement  in  several  others. 
The  author,  several  years  ago,  tried  j-rays  in  a  number  of  cases. 
The  lichenification  and  patches  of  secondary  eczema  disappeared.  The 
itching  was  relieved  and  there  were  fewer  new  lesions.  The  effect  was 
evanescent.  It  is  doubtful  if  J^-rays  are  of  any  practical  value  in 
prurigo  mitis  excepting,  perhaps,  in  selected  cases. 


404  PRURITUS.    PRURIGO 


BIBLIOGRAPHY. 

Allon,  ('.  W.:    Radiotherapy  and  Phototherapy,  Philadelphia,  1904,  Lea  Brothera  A,  Co., 

p.  266. 
Hayet,  A.:     (Jii()te<i  hy  Srhiflf,  E.,  1.  c.,  p.  398. 

Belot,  J.:     Hadiotherapy  in  Skin  Disease,  N.  Y..  1905,  Rehnian  Co..  p.  279:  p.  282;  p.  290. 
Finzi,  N.  S.:     Hadium  Therap<'uties,  Tendon.  1913,  Hodder  &  Stoughton,  p.  66. 
Fox.  H.:     Jour.  Cut  an.  Dis.,  1917,  xxxv,  p.  599. 

Fieund,  L.:     Kienientj*  <»f  (Jeneral  Ritdio-therapy,  N.  Y.,  1904,  Rebman  Co.,  p.  298. 
(locht:     Fort.Hchr.  a.  d.  (Jeh.  d.  Rnntgenstrahlen,  1897,  i,  p.  14. 
(ininniaeh,  K.:     Deutsch.  uhhI.  WVhnsehr.,  1899,  xxv.  p.  604. 
Hahn,  R.:     F(»rtsrhr.  a.  d.  (leh.  d.  RontKenstrahlen,  1901,  v,  p.  39. 
Knox,  R.:     RadioKraphy  and  Radio-therapeutics,  N.   Y.,   1918,  The    MacMillan  Co., 

ii,  p.  522. 
Kroniayer.  K.:     Deutsch.  huh!.  Wchnschr.,  1908,  xxxiv,  pt.  1,  p.  59. 
lA>onard,  C.  L.:     (iuote<l  hy  Newcomet,  W.  S.,  1.  c.,  p.  276. 

Newconiet.  \V.  S.:    Radium  and  Radiotherapy,  Philadelphia,  1914,  Lea  &  Febiger,  p.  276. 
Oulniann.  L. :     .lour.  Cutan.  Dis.,  1907,  xxv,  p.  378. 
Pusry,  \V.  A.,  antl  (^aldwell.  K.  \V.:     Roentgen  Rays  in  Therapeutics  and  Dia{(noiri», 

1904.  Philadelphia.  \V.  1^.  Saunders  Co..  p.  644. 
SchifT.   F.:     Radium  Therapy.   In  Handbueh  der  Radium-Biologic  und  Thcrapic,   P. 

Lazarus.  Kd..  \Vei.«*l>aden.  1913,  J.  F.  Bergmann,  p.  398. 
Srholtz.  \V.:     Arch.  f.  Dermat.  u.  Syph..  1902,  lix.  p.  421. 
Schultz,  F. :     A'-ray  Treatment  of  Skin  Diseases,  N.  Y.,  Rehnian  Co.,  p.  110. 
Simpson,  F.  K.:     Tr.  .\m.  Med.  Assn.,  Sect.  Dermat..  1916,  p.  115. 
Stcmlx),  L. :     Th(>rap.  d.  degenw.,  1900,  n.  s..  ii,  p.  250. 
Trimble,  \V.  R.:     .Jour.  Cutan.  Dis..  1916,  xxxiv,  p.  607. 
Vignolo-Lutati,  ('.:     (Jior.  ital.  d.  mal.  ven..  1914,  Iv,  p.  930. 
AVhite.  ('.  J.:     Jour.  Cutan.  Dis.,  1907,  xxv,  p.  385. 

Wickham  an<l  Degrais:     Radiumtherapy,  N.  Y.,  1910,  Cassell  &  Co.,  p.  245. 
Williams.  F.  II.:     Roentg<>n  Rays  in  Medicine  and  Surgery,  N.  Y.,  1903,  The  MacMillan 

Co.,  p.  612. 
ZeishT.  J.:     Jour.  Cutan.  Dis.,  1912,  xxx,  p.  654. 
Zimmern  and  Cottcnot:     Med.  Rec,  New  York,  1920,  xcviii,  p.  564. 


CHAPTER  XXVI. 
DISEASES  OF  THE  APPENDAGES.* 

In  this  chapter  we  will  discuss  hyperidrosis,  bromidrosis,  granulosis 
rubra  nasi,  hydrocystoma,  alopecia  areata,  alopecia  prematura, 
pomphol>Tc,  cheilitis  glandularis  and  cheilitis  exfoliativa.  The  last 
is  not  a  disease  of  the  appendages.  It  is  similar  if  not  identical  to 
seborrheic  dermatitis.  Both  forms  of  cheilitis  are  considered  in  this 
chapter  solely  for  convenience.  Many  diseases  of  the  appendages  are 
considered  in  other  chapters.  Tinea  tonsurans,  tinea  barbse,  onycho- 
mycosis, onychia,  favus,  acne  vulgaris,  sycosis  vulgaris,  h>T)ertrichosis, 
oily  seborrhea,  alopecia  cicatrisata,  various  types  of  folliculitis,  etc., 
are  contained  in  the  various  chapters  and  may  be  located  >^nth  the  aid 
of  the  index. 

HTPEtUDROSIS. 

Pusey,  in  1901,  on  theoretical  grounds,  suggested  the  use  of  x-rays 
for  excessive  sweating.  Engman  cured  a  case  of  hyperidrosis  of  the 
axillae  in  1903.  In  the  same  year  Stelwagon  cured  excessive  sweating 
of  the  palms.  Since  these  early  reports  there  have  been  many  articles 
on  this  subject,  the  most  notable  of  which,  perhaps,  is  an  article  by 
Pirie  who  reports  the  permanent  cure  of  15  cases  of  h>T)eridrosis  of 
the  axillse,  hands  and  feet  with  from  four  to  six  intensive  treatments 
at  intervals  of  one  month. 

It  is  now  admitted  by  all  that  roentgen  therapy  or  radium  therapy  is 
not  only  efficacious  in  combating  excessive  sweating  in  localized  areas, 
but  that  such  procedure  constitutes  the  only  certain  method  of  per- 
manently curing  the  affection. 

To  cure  hyperidrosis  it  is  necessary  to  irradiate  until  there  is  con- 
siderable atrophy  of  the  sweat-glands.  When  this  has  been  accom- 
plished there  is  likely  to  be  more  or  less  atrophy  of  other  appendages 
and  of  various  parts  of  the  true  skin.  This  atrophy  may  or  may  not 
be  manifested  by  slight  wrinkling.  In  any  event  it  is  deemed  unwise 
to  treat  hyperidrosis  of  the  face  on  account  of  the  possibility  of  visible 
wrinkling.  Slight  atrophy  of  the  skin  of  the  face  is  likely  to  be  dis- 
figuring, especially  when  the  person  laughs  or  smiles.  A  much  greater 
amount  of  atrophy  will  not  be  noticeable  in  the  axillse,  or  on  the  hands 
and  feet.  Furthermore,  the  skin  of  the  face  seems  to  undergo  atrophy 
more  easily  than  does  the  skin  of  other  parts. 

Hyperidrosis  of  the  scalp  cannot  be  treated  with  x-rays  or  radium 
because  such  treatment  would  probably  result  in  permanent  alopecia. 

1  For  explanation  of  terms  used  in  this  chapter  to  express  dosage  see  Chapters  X 
and  XIX. 
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It  is  consicierecl  unwise  to  treat  generalized  hN-peridrosis  with  jr-rays 
liecause  such  an  enonnous  amount  of  radiation  might  deleteriously 
effect  the  deep  lymphatic  structures,  the  blood,  viscera,  etc. 

Rarely  one  sees  localized  hyperidrosis  in  unusual  locations — cheek, 
foreliea<l,  or  a  single  round  area  on  the  back  or  on  one  arm  or  leg. 
Such  circumscril)ed  areas  can  be  successfully  treated  with  j*-rays  or 
riuVmm, 

The  most  marked  examples  of  hyperidrosis  are  usually  seen  in  the 
axilhe,  on  the  palms  and  (m  the  feet,  especially  the  plantar  surfaces. 
The  result  of  intelligent  irradiation  in  hyperidrosis  of  these  regions  is 
perfect.     It  is  a  siKrific  and  it  is  the  method  of  election. 

Excessive  Dryness.  -It  is  very  important  not  to  cause  complete 
atrophy  of  the  sudoriferous  glands.  This  cannot  be  avoided  >vith 
absolute  certainty,  but  it  can  be  prevented  in  most  of  the  cases.  While 
it  is  true  that  an  excessively  dry  skin  is  preferable  to  an  excessively 
moist  skin,  yet  the  former  has  its  disadvantages.  The  author  has  seen 
cases  of  excessively  dry  skin  of  the  axilhe,  palms  and  feet  that  required 
constant  applications  of  grt^ase.  Without  plenty  of  oil  the  skin  fis- 
sured an<l  (»czematized  very  easily,  especially  in  cold  weather.  The 
treatment,  tluTcfore,  should  proceed  cautiously  and  it  should  be  inter- 
rupted before*  sweating  has  entirely  ceased.  After  cessation  of  treat- 
ment tJM*  secretion  will  usually  cbntinue  to  diminish  for  a  few  weeks 
and  the  skin  may  become  temporarily  too  dry.  This  is  followed  by 
('onsid(Table  regeneration,  so  that  the  end-result  is  a  skin  exhibiting 
the  normal  amount  of  moisture.  Roughly,  the  treatment  should  be 
sto|)|)ed  when  then*  has  been  iiO  to  Tf)  per  cent,  improvement.  After 
a  rt»st  of  two  or  three  months,  if  there  is  still  too  much  sudoriferous 
activity,  more  treatment  may  be  given.  Irradiation  will  positively 
cure  hvjHM'idrosis  but  there  is  no  successful  treatment  for  the  exces- 
sively dry  skin  that  may  follow  complete  atrophy  of  the  oil-glands  and 
sweat-glands. 

Patients  will  become  impatient  and  urge  the  operator  to  administer 
larger  doses  or  to  give  the  trtnitments  at  sh«)rter  intervals.  Is  it  neces- 
si^ry  to  eaution  the  reader  that  he  nuist  be  guided  entirely  by  his  own 
jutlgment  which  should  Iv  bastnl  on  a  knowKnlge  of  the  diseast*  and  an 
adiHjuate  knowKnlge  of  .r-rays  and  radium?  If  m),  it  is  requestetl  that 
the  n^ader  jhtusc  ean^fully  the  medico-legal  ehapter.  Examine  the 
skin  ean^fully  and  interri»gate  the  patient  at  each  visit.  Stop  the 
treatment  Ivfon*  sweating  is  ei\tin.'ly  arre<teil.  There  are  instances 
when  sweating  >tops  suddenly  after  one  or  -several  treatments.  In 
such  eastN  no  nu>n*  tn^itment  should  U^  adminiNtere*!.  As  a  nde  the 
nxluetion  oi  suilorifennis  activity  i>  gradual. 

Dosage.  KegiiMud  hy|H*ridn>si>  may  K'  eurtnl  in  one  tn-atment  by 
adniinistering  a  quantity  of  railiation  tliat  will  etltM-t  a  well-marke<i, 
first -*legnv  n\u*tion  or  a  mild  siH^iMul-ilegret-  reartit»n.  .^urli  treatment 
is  iKvidtxllv  inadvi>id>le.  It  mav  eau>e  ttH»  ::uirh  atniphv  and  it  mav 
U*  follow t\l   by  telangiivtasia.     The  iv  "^^^n  si»me  txivllent 

n*sults  frtmi  such  treatment  and  he  luv  ^*  bad  re>ult>. 
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Many  roentgenologists  apply  fractional  treatment  (Hi  S.  1).  unfil- 
tered,  once  weekly)  without  interruption  until  the  desired  result  is 
obtained.  This  is  good  treatment  and  the  results  are  satisfactory. 
Most  operators  give  monthly  treatments.  The  flexures  (axillae,  palms 
and  soles)  are  rather  sensitive  parts  ("radiosensitive'*)  and,  therefore, 
the  dose  should  be  less  than  for  other  parts  of  the  body.  The  soles  will 
tolerate  a  little  more  than  will  the  palms,  and  the  latter  will  stand  a 
little  more  than  will  the  axillae.  The  sex,  age  and  complexion  of  the 
patient,  must  also  be  taken  into  consideration.  However,  the  routine 
dose  used  by  the  author  for  all  these  locations,  is  subintensive  and 
unfiltered— HJ  S.  D.  applied  once  monthly.  There  are  exceptions: 
in  adolescents,  females  and  blonds  the  first  dose  is  H^  S.  D.  In  some 
persons  the  dose  is  Hi  or  even  Hli  S.  I).  It  rarely  requires  more  than 
six  treatments  to  effect  the  desired  result.  Many  patients  are  cured  in 
four  treatments  and  a  few  patients  are  cured  in  two  treatments. 

Techxdc— AxUlcB.— The  patient  should  be  on  his  back  on  the  table; 
the  forearm  is  placed  behind  the  head.  This  will  expose  and  tend  to 
flatten  the  concave  axilla.  The  anode  is  placed  directly  over  the  center 
of  the  axilla;  all  parts  exc*epting  the  axilla  are  carefully  shielded.  In 
most  persons  it  is  impossible  to  convert  the  axilla  into  a  plane  surface. 
With  the  position  given  supra  there  will  be  still  a  little  concavity.  This 
slight  concavity,  however,  is  not  a  disadvantage  as  it  favors  equaliza- 
tion of  dosage  of  the  entire  surface  (Chapter  XIX). 

After  the  hyperidrosis  is  cured  there  is  likely  to  be  permanent  loss 
of  axillary  hair.  Frequently  the  alopecia  is  not  permanent.  Some 
cases  may  be  cured  without  even  a  temporary  alopecia.  Most  patients 
prefer  permanent  alopecia  of  the  axillae. 

Palms.— Both  palms  may  be  exposed  at  one  time.  The  hands  are 
held  close  together  with  the  dorsal  surfaces  of  the  hands  and  fingers 
in  contact  with  the  table.  The  anode  is  placed  directly  over  the  center 
of  the  area  to  be  irradiated.  It  is  obvious  that  the  dose  will  not  be 
equal  over  this  large  surface  unless  the  tube  is  placed  at  a  much  greater 
distance  than  is  used  in  practice.  This  accounts  for  the  apparent 
stubbornness  of  hyperidrosis  of  the  finger  tips.  If  the  hands  are  flexed 
a  little  so  that  the  periphery  of  the  exposed  surface  is  a  little  nearer 
than  is  the  center,  then  all  the  rays,  direct  and  oblique,  will  travel  the 
same  distance  and  the  dose  will  be  equalized  over  the  entire  surface. 
It  is  difficult  to  estimate  the  exact  amount  of  flexion  required,  and  if 
this  feature  is  correctly  estimated  it  is  extremely  unlikely  that  the 
hands  will  remain  in  a  fixed  position  during  the  exposure.  If  there  is 
too  much  flexion  the  fingertips  will  receive  too  much  radiation. 

Pirie  has  devised  a  very  ingenious  apparatus  for  this  purpose.  It 
consists  of  a  sheet  of  heavy  celluloid  shaped  like  a  half  bowl.  The 
backs  of  the  hands  are  placed  on  the  operating  table  with  the  palms 
and  fingers  of  both  hands  in  contact  with  the  convex  sur  ace  of  the 
bowl.  The  shape  of  the  apparatus  is  based  on  the  law:  intensity  varies 
inversely  as  the  square  of  the  distance  or  directly  as  the  sine  of  the 
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angle  of  incidence.    The  anode  is  placed  directly  over  the  center  of  the 
bowl. 

For  further  technical  details  the  reader  is  referred  to  the  chapters  on 
A'-ray  'I'echnic  and  General  Therapeutic  Considerations. 

/Vr/.— Ilyperidrosis  of  the  feet  may  \ye  confined  to  the  soles  or  it 
may  involve  the  lateral  and  even  the  dorsal  surfaces.  It  is  not  a  simple 
matter  to  equalize  the  dose  over  these  uneven,  c*onvex  and  rather 
extensive  surfaces. 

The  soles  can  l)e  irra<liateil  by  having  the  patient  lie  face  down  on 
the  table.  The  dorsal  surfac^es  of  the  feet  rest  on  the  table.  A  sandbag 
jdaced  under  the  ankles  will  add  to  the  patient's  comfort.  A  still 
Ixjtter  plan  is  to  place  the  dorsal  surfaces  of  the  feet  on  an  inclined  plane. 
Both  feet  are  held  close  together.  The  tube  is  placed  so  that  the  direct 
rays  are  jKTpendicular  to  the  plane  of  the  surface  to  be  irradiated,  the 
target  Ix'ing  directly  over  the  center  of  this  surface. 

This  does  not  give  equal  quantity  over  the  entire  surface,  but  it 
answers  j^ractical  rt^uirements  in  most  instances.  If  the  feet  are 
large,  it  may  be  necessary  to  treat  first  one-half  of  the  planter  surface 
and  then  tin*  other  half,  care  being  taken  not  to  expose  any  part  of  the 
surface  twice. 

If  it  is  necessary  to  expt)se  the  lateral  and  anterior  aspects  of  the 
feet  as  well  as  the  soles,  the  following  procedure  may  be  adopted: 
After  treating  the  soles  the  foot  is  placed  so  that  its  outer  surface  rests 
on  the  table.  The  target  is  placed  over  the  tubercle  of  the  navicular 
bone.  The  foot  is  then  allowed  to  rest  on  its  external  surface  and 
the  target  is  placed  over  the  articulation  between  the  scaphoid  and 
internal  cuneiform  bones.  Kach  of  these  exposures  are  to  be  at  right 
angles  to  that  for  the  soles,  and  each  foot  is  to  be  separately  treated. 
\o  protection  is  necessary.  The  oblique  rays  from  all  the  exposures 
arc  allowed  to  overlap.  The  ankles  and  legs,  of  course,  should  not  be 
included  in  the  field  of  radiation. 

Filtration.— There  is  no  objection  to  filtration,  but  the  author  has 
failed  to  note  any  advantage  when  employing  filtered  radiation.  To 
give  arguments  for  and  against  filtration  will  be  but  to  rej^eat  what 
has  been  said  in  other  ])arts  of  this  work.  The  reader  is  referred  to 
the  chapters  on  (ieneral  Therapeutic  Considerations,  Filtered  A''-ray 
Tcchnic,  1  Iyj)ertriclu)sis,  Acne  Vulgaris  and  Sycosis. 

Radium.-  The  author  has  not  em[)loyed  radium  in  the  treatment  of 
hyperidrosis  because  .r-rays  are  more  suitable  for  the  rather  extensive 
surfaces  that  arc  usually  involved.  Xo  literary  reference's  have  been 
located.  I'nquestionably  gamma  or  "hard"  beta  rays  will  [)rove  as 
efficacious  as  are  the  .r-ravs  in  this  affection. 


BROMIDROSIS. 

Bromidrosis  may  be  general  or  regional.     It  is  most  often  regional, 
the  sites  of  i)redilection  Inking  the  axilhe  and  feet.    It  is  usually  associ- 
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atetl  with  liy])eriilriisLs.     Hej;i'>niil  hroiniilnisis  can  be  always  greatly  \ 
relieved  iimi  nftcn  fiitiroly  ('iin'4  Uy  irnuliivtiori.     Tlie  teclinio  is  the   ' 
same  as  {Hitiiimi  fur  liypfriclmsis.      I.ielHTtluil  t'ure«i  a  case  of  brorai- 
drosis  ill  lillll.     Oniisby,  I'uw^y,  Suttini  and  many  other  dennatolo- 
joists  and  roentgenologists  have  fiiun<l  .r-ra\s  of  service  in  this  iiniileas-   I 
ant  affection. 

GRANULOSIS  RUBRA  NASI. 

There  has  been  no  personal  experience  with  j--rays  or  radium  in  the 
treatment  of  this  disease.  I'usey,  Sutton  and  uthers  suggest  the  uae 
of  these  agents.  Brandle  found  the  j--ra.\'s  efficacious.  Winfield 
noted  improvement  with  /-rays  in  one  case. 


HTDROCTSTOMA. 


Max  .Inseph  and   Conraii  .Siebert  ■ 
tuberosum  multiplex  with  j--rays. 


loiiBBlQIuiingbcfort  trcalnicTir.     Tllr  Fig.     143.  nflrr  out    siihinlr.Ni^ivi'    j-ray 

paticDt   kIso    has  a   few    vmiclcs  of  in-nlnifiil. 

herpes  Ubinlis. 

CHETUTIS. 

Cheilitis  Glandularis. —/xisler,  and  Sutton  imtcd  nuirketl  improve- 
ment in  cases  of  cheilitis  glandularis  treated  with  .r-rays. 

Cheilitis  Exfoliatira.  — Hyde.  Gilchrist.  Raviteh,  H.  Fox,  Morris, 
Ormsby,  Sutton  and  others  have  cured  cases  of  cheilitis  exfoliativa  with 
j-rays.  Tile  author  has  treated  several  cases  with  jr-rays.  In  each 
instanc'e  a  single  suberythema  dose  effected  a  prompt  clinical  cure.     As 
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far  as  is  known  there  were  no  recurrences.    Sutton  cured  1  case  with 
one  application  of  radium. 

It  should  l>e  remembered  that  the  mucous  membrane  of  the  lip  is 
more  st»nsitive  to  irradiation  than  is  the  skin  of  the  face;  therefore  the 
dose  should  not  be  large.  If  a  cure  by  a  single  treatment  is  attempted, 
the  dose  should  not  be  over  HJ  S.  D.  unfiltered.  Fractional  treatment 
will  undoubtedly  give  the  same  results. 


POMPHOLTX. 

Pompholyx  (dysidrosis;  cheiro-pompholyx)  is  a  disease  that  is  often 
confusiul  with  eczematoid  ringworm,  dermatitis  venenata  and  eczema. 
For  this  reason  one  must  be  careful  in  giving  evidence  for  or  against 
the  efficacy  of  irradiation  in  the  treatment  of  this  affection— in  other 
words  it  is  necessary  to  be  reasonably  certain  of  the  diagnosis.  Another 
difficulty  is  that  pompholyx  is  a  self-limited  affection  which  may  endure 
for  a  few  weeks  to  a  few  months.    Yearly  recurrences  are  common. 

The  author  has  a  reconl  of  20  cases  of  pompholyx  that  were 
treated  with  j--rays.  Most  of  them  were  given  fractional  treatment. 
A  few,  castas  in  which  there  was  also  hyperiodrosis,  were  given  monthly 
suluTythcina  dos(»s.  About  all  that  can  l)e  said  regarding  the  results 
is  that  the  eruption  in  all  cases  disappeare<l  in  from  two  to  four  weeks. 
Nothing  is  known  relative  to  recurrences.  The  impression  gained  is 
that  .r-ravs  are  of  distinct  scrvict*  in  this  <list*ase. 

Only  two  literary  references  have  l)een  foinid  dealing  with  this 
question,  (leyser  reported  the  cure  of  a  cast*  in  11K)8.  It  should  be 
stat(Ml,  however,  that  the  diagnosis  was  (iis[)uted  l)y  Abrahams  and 
(iotthcil.  Simpson  re[)()rted  the  cure  of  a  case  in  1913  with  radium. 
The  eruption,  which  was  limited  to  the  palms,  disappeared  in  two  weeks 
as  a  result  of  five  fractional  ap[)lications. 

The  technic  of  application  does  not  difl'er  from  that  given  for 
hyperidrosis  of  the  hands  and  feet. 


ALOPECU. 

Mcxlern  literature  contains  no  reference  to  the  treatment  of  alopecia 
i<lioi)athi('a,  alopecia  systemica,  alopecia  seborrheica  and  alopec*ia 
areata.  It  is  the  consensus  of  mo<lern  opinion  that  .r-rays  and  radium 
arc  of  little  if  any  value  in  the  treatment  of  these  conditions. 

The  early  literature  contains  many  reports  which  seem  to  indicate 
that  .r-rays  stimulate  the  growth  of  hair.  Kicnbock,  and  Ilolzknecht 
thought  they  obtained  gocnl  results  in  alopecia  areata  with  epilating 
doses.  Others  claimed  succt*ss  with  fractional  doses  without  pushing 
the  treatment  to  the  point  of  epilation.  Later,  these  authors  together 
with  Neumann  and  others,  encountered  many  refractory  cases  and 
realized  that  the  few  apparent  suc(*essi*s  were  due,  in  all  probal)ility, 
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to  spontaneous  recovery.     Later  still,  it  was  admitted  by  practically 
all  roentgenologists  that  j-rays  were  useless  in  alopecia  areata. 

Bordet,  in  1900,  reported  a  case  of  idiopathic  baldness  in  which  a  good 
growth  of  hair  followed  a  single  epilating  dose.  Holzknecht  failed  to 
improve  alopecia  seborrheica. 

It  is  not  profitable  to  go  further  with  this  subject.  Suffice  it  to  say 
that  j'-rays  are  not  used  for  the  treatment  of  alopecia  areata  and 
alopecia  prematura  for  the  very  good  reason  that  they  are  of  no  value 
for  this  purpose  either  in  large  or  small  doses.  Cases  that  have 
apparently  responded  well  to  irradiation  were,  in  all  probability, 
spontaneous  cures. 

It  is  important  to  decide,  if  possible,  if  j'-rays  will  cause  a  growth  of 
hair  under  any  circumstances  whatsoever.  Years  ago,  Allen,  Bronson 
and  many  others  were  of  the  opinion  that  j-rays  were  capable  of 
stimulating  a  growth  of  hair.  In  the  past  ten  years  there  has  been 
nothing  in  the  literature  dealing  with  this  subject.  The  opinions  of 
modern  roentgenologists  of  experience,  verbally  expressed,  is  that 
j-rays  do  not  stimulate  the  growth  of  hair. 

The  author  has  paid  considerable  attention  to  this  subject.  Occa- 
sionally one  sees  a  growth  of  hair  follow  the  cure  of  acne  vulgaris  with 
a'-rays.  In  the  author's  experience  this  happens  just  as  frequently  in 
cases  that  have  not  been  irradiated.  A  growth  of  hair  has  never  been 
reported  subsequent  to  a'-ray  treatment  or  radium  treatment  of  other 
diseases,  either  with  large  or  small  doses.  The  growth  of  hair  after 
depilation  of  the  scalp  hair  for  fa\'us  and  ring)\'orm  is  seldom  if  ever 
more  luxuriant  than  before  treatment.  The  author  has  never  seen  a 
growth  of  hair  that  could  not  be  explained  by  causes  other  than  irradia- 
tion. It  is  theoretically  possible  that  a  few  fractional  doses  might 
stimulate  a  growth  of  hair.  It  is  possible  that  such  treatment  might 
increase  the  growth  of  hair  in  patients  who  show  a  tendency  to  grow 
hair  in  abnormal  situations  (hypertrichosis).  The  possibility  must  be 
admitted,  but  it  must  be  accepted  as  a  doubtful  possibility,  not  a 
probability.  In  any  event  there  is  no  trustworthy,  modern,  corrobora- 
tive evidence  that  either  a'-rays  or  radium  are  capable  of  stimulating  a 
growth  of  hair,  regardless  of  the  circumstances. 
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CHAPTER  XXVII. 
HYPERTRICHOSIS.^ 

To  Freund  should  be  given  the  creilit  of  being  the  first  to  remove 
sui)erfluous  hair  with  j'-rays.  He  depilated  a  nevus  pilosus  by  this 
means.  In  fact  this  was  the  first  case  of  any  disease  or  condition  to 
be  treated  with  j--rays— the  beginning  of  roentgen  therapy.  Later, 
Freund,  together  with  Schiff,  reported  a  series  of  cases  of  hypertrichosis 
of  the  face  which  they  had  cured  with  this  new  treatment.  This  report 
was  followed  by  similar  ones  by  Benedikt,  Walsh,  Ehrmann,  Holz- 
knecht,  Kienbock,  Noire,  Bordier  and,  in  fact,  bv  nearlv  all  the  earlv 
roentgenologists.  In  this  country  Pusey  was  the  pioneer  with  Zeisler 
and  Allen  as  close  seconds. 

The  early  workers  were  enthusaistic  over  the  results  obtained,  but 
very  soon  it  was  discovered  that  a  large  percentage  of  the  cases  deve- 
loped x-ray  sequelse— atrophy,  telangiectasia,  scarring  and  keratoses. 
In  the  beginning  roentgenologists,  while  desiring  to  avoid  a  third-degree 
radiodermatitis,  did  not  hesitate  to  evoke  an  erythema  or  even  a  second- 
degree  reaction.  In  fact  the  very  first  case  treated  resulted  in  a  serious 
radiodermatitis.  Later,  when  it  was  found  that  even  a  mild  radio- 
dermatitis  might  leave  disfiguring  sequelae  and  that  it  was  difficult  to 
avoid  these  mild  reactions,  enthusiasm  waned. 

Then  came  radiometric  methods  of  measurement  and  improved 
technic.  Again  the  work  was  undertaken  with  enthusiasm  but  this 
time  with  caution.  The  literature  of  the  time  is  voluminous  with 
reports  of  the  excellent  results  obtained.  However,  optimism  did  not 
endure.  Even  with  the  most  accurate  technic  accidents  were  common. 
It  was  soon  ascertained  that  it  was  impossible  to  remove  permanently 
superfluous  hair  from  the  face  without  the  risk  of  at  least  visible 
wrinkling. 

As  far  back  as  19(U  Allen,  Schiiltz  and  many  others  condemned  the 
method.  Nevertheless  there  were  many  roentgenologists  who  con- 
tinued to  do  the  work,  many  of  whom  claimed  consistently  good 
results,  while  a  few  admitted  occasional  sequela*. 

Modem  Opinion.— There  are  a  few  men  who  do  not  hesitate  to  treat 
hypertrichosis  of  the  face  with  a:--rays.  They  believe  that  it  constitutes 
the  method  of  election  in  manv  cases.  Others  believe  that  it  is  a  riskv 
method  and  that  it  should  be  used  in  only  selected  cases.  A  third 
group  condemns  the  method  outright.     It  will  be  profitable  to  re\iew 

*  For  explanation  of  terms  used  in  this  chapter  to  express  dosage  see  Chapters  X 
and  XIX. 


414  HYPERTRICHOSIS 

ill  some  detail  the  opinions  of  various  modern  dermatologists  and 
roentgenologists. 

Pus<\v  states  that:  "In  my  experience  practically  satisfactory" 
results  can  he  gotten  in  ahout  half  of  the  cases;  that  is,  the  growth  of 
hair  can  be  reduced  to  an  amount  which  is  not  unsightly  by  rep)eated 
series  of  exposures  which  are  safe;  in  the  other  50  per  cent.,  however, 
this  cannot  be  done.  The  results  are  so  uncertain  and  the  possibilities 
of  harm  arc  so  great,  that  the  treatment,  in  my  opinion,  should  not  be 
undertaken  except  in  extreme  cases,  or  with  the  full  understanding 
that  if  the  exposures  are  to  be  kept  within  the  bounds  of  safety, 
improvement  is  altogether  uncertain." 

Ormsby:  *' After  many  years'  observation  of  patients  subjected  to 
radiotherapy  for  removal  of  superfluous  hair,  the  author  has  abandoned 
its  use.  While  in  some  cases  the  result  is  satisfactory  alike  to  physician 
and  j)aticiit,  the  probability  of  future  telangiectasis  is  so  great  as  to 
be  j)roliibitive  of  its  continual  employment." 

Sutton  does  not  recommen<l  nor  does  he  condemn  the  method. 
He  calls  attention  to  the  dangers  and  the  unsatisfactory  results,  but 
makes  no  comments.     Ilazen  and  Knowles  are  non-C!ommittal. 

llartzcll  suggests  that  J'-rays  may  be  usc<l  in  cases  in  which  the 
number  of  hairs  is  too  great  to  be  removed  by  electrolysis  owing  to  the 
length  of  time  re(iuired.  He  mentions  the  danger  of  the  treatment. 
In  another  publication  Hartzell  states  that  *'he  had  very  grave  doubts 
whether  it  was  justifiable  to  employ  the  roentgen  rays  or  similar 
remedies  for  the  treatment  of  the  class  of  lesions  under  discussion  and 
for  defects.  The  risk  is  too  great  and  he  did  not  think  that  we  ought 
to  assume  any  such  risk." 

1  )aricr  says  that  roentgen  therapy  cannot  be  recommended  for  this 
purpose. 

Stclwagon  regards  the  method  as  being  uncertain  and  dangerous  and 
it  "should  be  limited,  if  used  at  all,  to  cases  not  otherwise  manageable/* 

McKwen,  in  a  long  article  on  hypertrichosis,  states  that  "the 
dosage  reciuircd  to  permanently  remove  the  hair  is  certain  to  damage 
the  skin  so  seriously  as  to  make  the  eini)loynicnt  of  .r-rays  or  radium  for 
this  purpose  distinctly  ill-advised.'* 

elackson  and  McMurtry  consider  that  .r-ray  treatment  is  inadvisable 
excepting  in  unusual  cases  and  only  in  case  the  ])atient  understands 
and  accepts  the  risks. 

It  is  obvious  from  the  foregoing  that  the  weight  of  dermatological 
opinion  is  against  the  use  of  irradiation  for  the  removal  of  superfluous 
hair  from  the  face.  Roentgenologists  may  object  that  dermatologists 
for  the  most  i)art  have  had  too  little  ])ers()nal  cx])erience  with  or  that 
they  are  not  suiliciently  skilful  in  the  use  of  .r-rays.  We  will  now  see 
what  riKMitgcnologists  have  to  say.  Most  roentgenologists  refuse  to 
treat  cases  of  hypertrichosis.  They  are  cognizant  of  the  possibility 
of  bad  results  and  are  unwilHng  to  assume  the  risk. 

Stern  in   11)12  reporteil   KK)  cases  of  hypertrichosis  treated  with 
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a*-rays.  Telangiectasia  and  atrophy  were  such  common  sequelae  that 
he  discontinued  the  method.  A  few  years  later  he  again  undertook  the 
work,  this  time  with  filtered  radiation.  In  1918  he  reported  74  cases 
treated  in  this  manner.  "'The  results  accomplished  in  the  74  cases  so 
far  treated  by  this  modified  technic  have  been  fairly  satisfactory.  The 
majority  of  cases  have  shown  no  sign  of  any  permanent  injury  to  the 
skin.  Several  have  shown  signs  of  telangiectasis  and  in  some  there  is 
still  a  certain  amount  of  h^-perpigmentation  persisting.  I  have  not 
as  yet  seen  any  s>'Tnptoms  of  skin  atrophy  developing  in  any  of  the 
cases  treated.  I  realize  that  the  time  which  has  elapsed  has  not  been 
sufficiently  long  to  show  all  the  damage  that  the  x-rays  may  have  pro- 
duced, and  that  in  course  of  time  I  may  have  reason  to  change  my 
opinion  about  the  ultimate  results  achieved  in  the  cases  treated.** 

Geyser  gives  a  resume  of  200  cases  of  hypertrichosis  of  the  face 
treated  with  jr-rays.  He  admits  a  small  percentage  of  bad  results  but 
insists  that  it  is  the  elective  treatment  in  cases  that  are  not  suitable 
for  the  electrolytic  method. 

Pfahler  has  reported  numerous  cases  in  which  he  was  able  to  remove 
all  or  nearly  all  the  hair  without  resulting  disfigurement.     He  thinks 
that  the  method  is  indicated  in  selected  cases.     He  is  an  advocate  of 
filtered  radiation.     In  a  personal  cobamunication  he  admits  that  it  is- 
impossible  to  insure  against  more  or  less  atrophy. 

Speder,  Gunsett,  Chilaiditi  and  others  advise  the  use  of  a:-rays  but 
insist  on  filtered  radiation.  Chilaiditi  and  Speder  do  not  hesitate  to 
effect  an  erythema.  They  believe  that  an  erythema  produced  by 
filtered  x-rays  is  harmless.  This  is  a  totally  erroneous  opinion.  They 
deny  telangiectasia  but  they  admit  that  atrophy  may  occur  in  their 
cases  later.  Ijong  before  the  work  of  these  men,  Kienbock,  Bordier, 
and  others  had  advised  the  use  of  filtered  radiation  in  hypertrichosis 
and  other  cutaneous  affections,  but  they  avoided  reactions  when 
possible.  Sendek  and  Novak,  Rayner,  Sairl  and  others  have  written 
on  the  x-ray  treatment  of  h^'pertrichosis  of  the  face.  It  has  been 
impossible  to  find  a  single  article  written  in  the  past  ten  years  that 
does  not  admit  that  the  method  is  risky.  Few  if  any  roentgenologists 
are  willing  to  insure  against  visible  wrinkling.  One  of  the  most 
optimistic  of  modern  articles  is  from  the  pen  of  Meyer.  He  employs 
filtered  radiation  (4  mm.  aluminium).  An  epilating  dose  is  adminis- 
tered every  six  or  eight  weeks  for  a  total  of  five  treatments.  The 
exposures  are  followed  by  local  and  general  reaction.  Meyer  avers  that 
there  is  no  permanent  injury.  Max  Joseph  prefers  x-rays  to  other 
methods  in  the  treatment  of  hypertrichosis. 

The  above  quotations  are  from  articles  written  mostly  by  roentgeno- 
logists. In  the  text-books  on  roentgenology  we  find  the  following: 
Newcomet  advises  against  the  treatment.  Schultz  states  that  "it 
is  now  well-known  to  be  an  error,  on  cosmetic  grounds,  to  treat  this 
condition  by  means  of  x-rays.  The  falling  out  of  the  hair  is  at  the 
present  time  a  permanent  condition  if  one  irradiates  until  atrophy  of 
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the   skill   is  pnHlucecl.    The  appearance    of    telangiectases  on 
damaged  skin  is  the  rule  on  the  faee.     Many  a  primary  goo<I 
lias  later  <Krasioned  hitter  disappointment.    The  disfigurement     ^^^ 
make  its  appearance  even  years  after  the  last  treatment." 

Tousey  devotes  two  pages  to  this  subject.     It  is  doubtful  if  an^7^^^ 
would  care  to  treat  hypertrichosis  with  .r-rays  after  reading  his  venx^rks 
and  his  case  reports.    Tousey  states  that  it  is  necessary  to  effect  a 
reaction  in  order  to  obtain  a  defluvium.    Of  course  this  is  not  true  ajirf 
it  is  decidedly  inadvisable  to  go  to  this  extreme. 

In  the  most  modern  of  all  roentgenologic  text-books  Knox  passes 
over  the  subject  quickly.  He  favors  filtered  radiation  and  a  prelimin- 
ary dose  of  a  strength  sufficient  to  effect  a  defluvium.  He  does  not 
mention  the  danger  of  atrophy,  but  states  that  if  there  has  not  been  a 
reaction  untoward  effects  need  not  be  apprehended.  The  author's 
ex])erience  and  opinion  are  not  in  accord  with  Knox's  statements. 

Ileidingsfeld  and  Simpson  have  reported  successful  results  in  a  few 
cases  with  radium  treatment.  Simpson  states  that  "the  quality  of 
the  skin  from  which  the  hair  was  removed  is  practically  the  same  as 
that  of  normal  skin.''  The  word  "practically"  in  the  last  sentenee 
may  mean  much  or  little  according  to  the  imagination  of  the  reader. 
Simpson  also  stated  that  **  in  certain  types  of  localized  hypertrichosb 
radium  treatment  seems  to  be  the  most  effective  method  of  relief." 
This  sentence  will  be  challenged  by  many.  What  is  meant  by  *' certain 
types  of  local  hypertrichosis''  and  on  what  grounds  does  Simpson  base 
the  statement  that  "radium  treatment  seems  to  be  the  most  effective 
method  of  relief?" 

Object  of  Treatment.— Hypertrichosis  (hirsuties;  superfluous  hair) 
is  a  growth  of  hair  on  parts  that  should  be  free  of  all  but  almost  in\isible 
lanugo  hair.    The  etiology  is  unknown.    Dermatologists  look  upon 
the  condition  as  a  cosmetic  affection.    That  is,  it  is  only  of  cosmetic 
importance.     The  object  of  treatment  is  to  remove  all  the  hair  per- 
manently with  no  difigurement  or  as  little  disfigurement  as  possible. 
As  far  as  concerns  hypertrichosis  of  the  face  of  females  it  is  the  con- 
sensus of  opinion  among  dermatologists  that  the  best   treatment  is 
electrolysis.     In  the  works  quoted  supra  and  in  other  wTitings,  there  is  a 
dispute  relative  to  the  value  of  electrolysis.     Some  aver  that  the 
method  is  impracticable  when  there  is  a  great  deal  of  hair  or  when  the 
hair  is  silky  in  texture.     Manv  authors  consider  that  such  cases  should 
be  treated  with  .r-rays.     The  author  cannot  agree  with  these  opi^y^"^* 
Comparison  of  Electrolysis  and  Irradiatioii.— It  is  the  author's  opiii»on 
that  there  are  very  few  cases  of  hx^pertrichosis  of  the  face  that  cannot 
be  successfully  treated  by  means  of  electrolysis.     The  work  is  teclioiiJ*. 
time-consuming,  and  expensive.     It  requires  skill  on  the  part  of  the 
physician  and  patience  on  the  part  of  both  the  physician  and  pa^'^'J^ 
If  the  nnniher  of  hairs  is  enormous,  a  year  of  steady  work  may  ^ 
rec|uire(l.     If  ]i(.;v  hairs  continue  to  grow,  occasional  treatments  over  * 
period  of  several  or  many  years  may  be  necessary.     If  the  hair  is  hg"^ 
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in  color  and  fine  in  consistence,  a  steady  hand,  a  very  fine  needle  and  a 
good  pair  of  eyes  are  essential.  If  the  hair  is  coarse  and  especially  if 
the  roots  are  curved,  it  may  be  impossible  to  avoid  some  scarring. 
Very  few  dermatologists,  for  various  reasons,  acquire  the  necessary 
skill  to  obtain  the  best  results  with  the  electrolytic  method.  There 
are  men  and  women,  however,  who  are  exceedingly  expert  in  this 
work,  who  seldom  cause  scarring  and  who  are  not  balked  by  seemingly 
impossible  cases.  The  scarring  that  is  bound  to  occur  in  some  cases, 
even  when  the  work  is  done  by  an  expert,  is  not  as  disfiguring  as  the 
wrinkling  that  may  result  from  a:-rays  and  radium  expertly  adminis- 
tered. Assuming  skilled  operators,  there  is  much  less  likelihood  of 
permanent  disfigurement  (scarring  and  atrophy)  subsequent  to 
electrolysis  than  subsequent  to  irradiation.  In  the  case  of  unskilled 
or  unscrupulous  operators,  there  is  with  electrolysis  danger  of  unsightly 
scarring;  with  irradiation  there  is  danger  of  scarring,  atrophy,  telangi- 
ectasia, keratoses  and  even  more  serious  sequelae. 

It  must  be  admitted  that  there  are  occasional  cases  in  which  it  is 
absolutely  impossible  to  obtain  a  satisfactory  result  with  electrolysis. 
These  patients  have  a  widespread  growth  of  downy  hair.  The  individ- 
ual hairs  are  almost  invisible,  but  they  are  so  numerous  and  so  closely 
crowded  as  to  be  plainly  visible  and  disfiguring  when  viewed  ensemble. 
Unfortunately,  it  is  just  such  a  case  that  is  most  recalcitrant  to  a:-rays 
because,  paradoxical  as  it  may  seem,  lanugo  hair  is  more  difficult  to 
depilate  with  a'-rays  and  radium  than  is  coarse  hair.  This  is  not  a  real 
paradox.  The  explanation  is  that  the  hair  bulb  of  coarse,  rapidly 
growing  hair,  is  composed  of  active  cells,  cells  that  are  rapidly  dividing. 
The  contrary  is  true  for  lanugo  hairs.  It  is  a  well-known  fact  that 
cells  that  are  embryonic  in  type,  and  cells  that  are  biologically  or 
physiologically  active,  are  more  "radiosensitive''  than  are  inactive 
cells. 

As  will  be  shown  later  it  is  possible  with  skill  and  judgment,  to  obtain 
excellent  results  with  irradiation  in  cases  that  are  not  amenable  to  elec- 
trolysis. But  irradiation  is  associated  with  danger  of  defects  that  are 
more  disfiguring  than  the  superfluous  hair.  Nothing  of  any  value  can 
be  done  for  atrophy  or  wrinkling  due  to  a:-rays  or  radium.  It  cannot 
be  even  camouflaged.  Skin  can  be  kept  free  of  hair  with  a  razor  or 
with  depilatories  if  necessary.  Certainly  there  is  no  sense  in  removing 
a  defect  that  may  be  curable  without  disfigurement,  or  which  at  least 
can  be  kept  hidden  in  various  ways,  for  a  defect  that  is  permanent  and 
which  cannot  be  hidden. 

So  far  we  have  only  spoken  of  ^Tinkling  and  that  is  the  only  sequela 
that  is  likely  to  occur  with  modern  technic,  skill  and  judgment.  How- 
ever, there  is  also  the  possibility  of  occasional  telangiectasia,  which  is 
very  difficult  and  in  many  instances  impossible  to  remove. 

Time  and  expense  are  usually  spoken  of  as  factors  in  favor  of  irradia- 
tion and  against  electrolysis.    Let  us  examine  this  question  critically. 
Assume  a  girl  with  a  large  amount  of  fine,  dark  hair  scattered  over  the 
27 
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cheeks,  chin  and  anterior  neck.  A  good  operator  will,  with  the  "  electric 
needle"  removed  from  50  to  100  hairs  in  a  sitting  of  one  hour.  It  may 
require  one  or  two  treatments  a  week  for  a  year  to  remove  all  the  hair. 
In  most  cases  from  three  to  six  months  will  suffice.  If  ar-rays  (or 
radium)  are  administered  in  a  manner  that  is  associated  with  the 
minimum  amount  of  danger  it  will  require  about  a  year  to  effect  a 
permanent  alopecia,  during  which  time  a  great  many  treatments  are 
given.  In  acutal  minutes  or  hours  irradiation  requires  considerably 
more  time  than  does  electrolysis.  In  number  of  visits  and  expense 
there  is  little  difference  as  a  rule. 

It  is  very  disappointing  and  discouraging  to  a  patient  to  learn  that 
electrolysis  will  not  prevent  the  growi:h  of  new  hairs  and  that  if  new 
hairs  continue  to  grow,  treatment  must  be  continued  until  this  ten- 
dency spontaneously  ceases.  This  news  places  the  patient  in  a  frame 
of  mind  that  makes  the  permanent  effect  of  irradiation  verj'  attractive 
—so  attractive,  indeed,  that  she  is  likely  for  the  moment  to  belittle 
the  risks  associated  with  irradiation. 

It  is  probably  obvious  to  the  reader  that  the  author  is  not  an  advocate 
of  o'-ray  or  radium  treatment  for  h\'])ertrichosis  of  the  face.  If  the 
dermatologist  cannot  or  will  not  get  the  most  out  of  electrolysis  it  is 
his  duty  to  refer  the  patient  to  someone  who  will  devote  the  necessary 
time  and  skill  to  the  work. 

Results  Obtainable  with  X-rays.— It  will  interest  the  reader  to  know 
just  wlmt  can  be  accomplished  with  modern  technic.  A  combination 
of  ni(Hlcrn  technic  and  skilled  operator  redu(*es  the  danger  of  radio- 
dermatitis  to  a  minimum  and  without  radiodermatitis  it  is  probable 
that  there  can  be  no  telangiectasia,  scarring  or  keratoses.  But  what 
is  meant  by  a  minimum?  There  is  no  exact  answer.  An  amount  of 
radiation  sufficient  to  effect  a  defiuvium  of  face  hair,  unfiltered,  filtered, 
intensive  or  fractional,  is  very  close  to  the  amount  required  to  evoke 
an  erythema  of  the  skin  of  the  face.  A  certain  percentage  of  first- 
degree  reactions  is  followed  by  telangiectasia.  Also,  a  certain  per- 
centage is  followed  by  atrophy.  These  ])ercentages  are  not  known. 
They  range  somewhere  between  3  and  10  per  cent.  It  is  possible 
to  avoid  even  a  mild  first -degree  reaction,  but  not  with  certainty. 
Mild  to  moderate  first-degree  reactions  will  occasionally  occur  in  spite 
of  the  utmost  care.  Whether  or  not  such  reaction  develops  depends 
mostly  on  technic  and  judgment,  but  also  uj)()n  mild  grades  of  idio- 
syncrasy and  otluT  factors  such  as  excessive  exi)osure  to  sunlight,  the 
application  of  irritating  topical  remedies,  etc. 

lUit  let  us  assume  for  the  sake  of  argument  that  an  erythema  can  be 
avoided  with  certainty.  What  will  be  the  result?  In  order  to  per- 
manently remove  hair  from  the  face  it  is  necessary  to  cause  complete 
destruction  of  the  hair  bulbs  and  papilhe.  Regardless  of  the  method 
of  application,  when  an  amount  of  radiation  sufficient  to  effect  per- 
manent atrophy  of  these  parts,  has  been  administered,  there  is  bound 
to  be  more  or  less  atrophy  of  elastic  tissue,  collagen,  etc.     Whether 
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the  atrophy  of  the  derma  will  be  sufficient  to  efTect  visible  \\Tinkling 
is  impossible  to  say  until  a  year  or  two  after  the  last  treatment.  The 
amount  of  such  atrophy  depends  both  upon  the  technic  and  upon 
idiosyncrasy.  The  visible  wrinkling  depends  partly  upon  personal 
peculiarities.  For  instance,  a  coarse  skin  will  tolerate  a  greater  amount 
of  radiation  without  atrophy  and  a  greater  amount  of  atrophy  without 
visible  evidence  of  such  atrophy,  than  will  a  fine-textured,  fair  skin. 

The  trouble  is  that  various  men  have  different  ideas  of  good  results 
and  so  do  patients.  The  atrophy  mentioned  supra  is  not  noticed  in  the 
axilla*  and  on  various  parts  of  the  body,  and  it  may  not  be  noticed  on 
the  face  when  in  repose.  But  when  expressing  the  emotions,  even  when 
talking,  the  evidence  of  atrophy  may  become  very  noticeable,  especially 
as  the  patient  grows  older.  Whether  the  skin  of  the  face  is  more  prone 
to  undergo  atrophy  than  is  the  skin  of  other  parts  of  the  body,  or 
whether  atrophy  of  the  face  is  more  noticeable  on  account  of  location 
and  muscular  action,  is  unknown.  It  is  probable  that  both  factors 
play  a  role. 

It  is  this  type  of  atrophy  that  cannot  be  avoided.  One  cannot  insure 
against  this  sequela  regardless  of  the  technic.  It  does  not  occur  in  all 
cases;  the  author  cannot  give  figures;  but  it  occurs  too  often  to  permit 
calling  irradiation  a  safe  or  non-injurious  treatment  for  hypertrichosis 
of  the  face. 

In  many  instances  it  is  impossible  to  remove  all  the  hair  without 
effecting  a  second-degree  reaction.  This  is  more  common  in  the  case 
of  downy  hair  than  in  the  case  of  coarse  hair  but  it  occurs  with  any 
type  of  hair.  The  author  has  seen  hair  growing  in  skin  that  is  telan- 
giectatic and  atrophic. 

Attitude  Toward  Patient.— There  is  hardly  anything  so  detestable  to 
women*  as  a  growth  of  hair  on  the  face.  Unless  exceptionally  philo- 
sophical and  level  headed,  they  are  likely  to  suffer  cruelly  from  a  mental 
standpoint.  The  attitude  of  the  physician  should  be  sympathetic. 
It  is  a  moral  and  scientific  error  to  tell  these  patients  that  little  if 
anything  can  be  accomplished.  Many  dermatologists  so  detest  doing 
electrolysis  (and  do  the  work  so  poorly)  that  the  patient  acquires  a 
totally  erroneous  opinion  of  the  method.  These  patients  are  exceed- 
ingly sensitive  and  easily  discouraged  and,  like  the  sexual  neurasthenic, 
provide  food  for  the  unscrupulous  physician  and  charlatan.  The 
attitude  to  take  is  one  of  interest  and  sympathy.  The  various  methods 
should  be  outlined  and  their  advantages  and  limitations  described. 
If  the  advantages  and  safety  of  electrolysis  are  properly  presented  and 
the  work  is  properly  done,  most  patients  will  feel  encouraged,  confident 
and  will  accept  such  treatment  in  preference  to  irradiation. 

Medico-legal  Aspects.— Many  physicians  believe  that  if  they  explain 
the  risks  of  a--rays  and  radium  in  the  treatment  of  hypertrichosis  of  the 
face  to  the  patient  and  the  latter  understands  and  accepts  the  risk,  the 
physician  cannot  be  held  responsible  for  bad  results.  This  is  not  true. 
There  is  nothing  that  can  prevent  the  institution  of  a  suit  for  mal- 
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practice  if  the  patient  desires  to  bring  such  suit.  Not  even  a  signed, 
witnessed  and  sworn  statement,  in  which  the  patient  states  that  she 
appreciates  and  accepts  the  risk,  can  prevent  the  suit. 

The  verdict  rests  almost  entirely  upon  the  question  of  negligence. 
The  burden  of  proof  is  on  the  plaintiff  (patient).  The  patient  must 
prove  that  the  defendant  (physician)  failed  to  employ  the  skill,  judg- 
ment, care,  technic,  etc.,  as  used  under  like  circumstances  by  the 
average  specialist  in  the  same  line,  in  the  same  community  and  epoch. 
The  fact  that  the  plaintiff  understood  and  assumed  the  risk  does  not 
negative  negligen(*e  on  the  part  of  the  defendant.  If  the  defending 
physician  used  a  methcKl  of  treatment  that  has  been  and  is  advocated 
by  specialists  in  good  standing  and  his  judgment  and  technic  were  in 
accordance  with  the  required  standards  of  his  profession,  i.  f.,  absence 
of  negligence,  then  he  is  immune  insofar  as  concerns  damages. 

The  majority  of  dermatologists  and  roentgenologists  are  either 
opposed  to  the  treatment  of  facial  hypertrichosis  with  x-rays  or  radium 
or  they  reserve  such  treatment  for  exceptional  cases.  On  the  other 
hand,  there  are  many  experienced  men  of  the  very  l^est  standing  who 
advocate  the  method.  This  minority  opinion  is  a  protection  against 
damages  providing  the  patient  clearly  understands  the  risk  before 
submitting  to  the  treatment.  It  is  advisable  to  obtain  a  written, 
witnessed  and  signed  statement  to  this  effect  in  order  to  prevent 
perjury  or  "  forgetfulness.*' 

Hypertrichosis  patients  are  exceedingly  friendly  when  seeking  relief, 
and  are  ready  to  "  grasp  at  a  straw,"  but  many  of  thein  lx*come  exceed- 
ingly l)itter  and  revengeful  if  they  develop  .r-ray  st^quelff.  A'-ray 
treatment  appeals  to  the  patient  because  there  isnio  temporary  dis- 
figurement, no  pain  nor  discomfort,  because  there  is  eccmomy  of  time 
and  particularly  because  the  effect  is  permanent.  The  method  is  so 
attractive  and  the  api)cal  is  so  great  that  the  patient  is  likely  to  belittle 
the  statements  made  relative  to  the  danger  of  a*-ray  sequehe.  They 
fail  to  visualize  the  result.  At  this  time  they  arc  perfectly  willing, 
they  say,  to  have  a  little  wrinkling  substituted  for  the  repulsive  hair. 
But  a  year  or  two  later,  long  after  the  hair  has  disappeared  and 
wrinkling  has  occurred,  they  realize  they  have  a  defect  that  cannot 
even  be  hidden.  They  forget  their  original  appearance  and  anguish. 
They  feel  that  they  were  deceived  and  they  seek  revenge. 

The  physician  must  be  exceedingly  careful  not  to  allow  the  pleadings 
of  a  ])atient  before  or  during  treatment  to  interfere  with  his  judgment. 
Furthermore,  if  he  undertakes  the  treatment  he  should  Ixj  absolutely 
certain  that  the  ])atient  is  made  to  realize  the  possible  end-results.  He 
should  never  take  it  for  granted  that  the  patient  is  a  "gotnl  sj)ort"  and 
will  overlook  an  accident  or  unavoidable  sequchv.  Finally,  the 
physician  should  understand  thoroughly  that  while  absence  of  proof 
of  negligence  will  make  it  difficult  if  not  impossible  for  the  patient 
to  collect  damages,  there  is  nothing  that  can  prevent  the  institution 
of  a  malpractice  suit.  For  further  medico-legal  details  the  reader  is 
referred  to  the  medico-legal  chapter. 
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Hypertrichosis  of  the  Body.— There  is  less  risk  of  bad  results  when 

treating  hypertrichosis  of  the  body  with  x-TSiys  or  radium  than  when 

^^ating  the  same  condition  on  the  face.    The  chances  of  radioderma- 

Wis  with  subsequent  sequela;  are  about  the  same,  but  visible  wTinklinj^ 

inthout  antecedent  reaction  is  not  as  frequent  or  if  it  is  as  frequent  it 

^  not  so  noticeable.    Finally,  if  telangiectasia  should  occur  it  can  be 

^V'ered  with  clothing. 

fiemoTsl  of  Hair  in  Plastic  Surgery.— During  the  war,  especially  in 
^tx|[lish  hospitals,  it  was  necessary  to  close  large  gunshot  wounds  of 
ttxe  face  ^-ith  inverted  flaps  from  the  neck.  Before  doing  this,  in  order 
Hot  to  have  the  hair  grow  in  the  mouth,  it  was  necessary  to  permanently 
d^^troy  the  hair  follicles.  Cole  and  Knox  record  cases  where  the 
J'^sults  of  irradiation  used  for  this  novel  purpose  were  most  excellent. 
*-  ^■^iation  in  such  cases  is  essential. 

^  Teehnic  (XrTSjs).— Intensive  Technic.—YhTious  roentgenologists  use 

^^iferent  methods  of  applying  a:-rays  for  this  purpose.    Most  of  them 

^*^e  the  intensive  method.    That  is,  they  apply  enough  radiation 

?*^one  sitting  to  effect  defluvium.    In  the  opinion  of  the  author  this 

*^  the  most  dangerous  of  all  methods,  particularly  when  attempting  to 

^"^^Qiove  hair  from  the  face  of  a  woman.    It  is  difficult,  almost  impos- 

^*  We,  with  filtered  or  unfiltered  radiation,  to  effect  a  complete  or  even  a 

'^^J^ial  defluvium  of  face  hair  with  one  treatment  without  causing  an 

^^thema.    An  erythema  (mild  first-degree  reaction)  must,  of  course, 

^^  avoided  if  possible.    As  a  rule  it  requires  as  much  radiation  to 

S*^pilate  face  hair  as  is  required  for  defluvium  of  scalp  hair.     In  many 

^Jstances  a  greater  quantity  is  required.    The  epilating  dose  (Hi  or 

-^li  S.  D.  unfiltered  or  from  Hli  to  H2i  S.  D.  filtered)  will  effect 

^^fluvium  of  scalp  hair  without  effecting  a  skin  reaction,  but  this 

^^^ount  of  radiation  applied  to  the  face  is  very  likely  to  provoke  a 

tion. 

After  depilation,  unless  the  treatment  is  continued,  the  hair  will 

in  from  one  to  three  months.     It  is  customary,  therefore,  to 

«.    -peat  the  treatment  about  every  six  weeks  with  slightly  smaller  doses 

''^T  a  total  of  from  four  to  six  treatments.     Such  treatment  will  usually 

^V^ce  for  total  and  permanent  destruction  of  the  hair  follicles. 

Fractional  and  SemiAntensive   Teehnic.— liy  applying  a  fractional 

^^^3se  (Hi  S.  D.)  once  a  week  the  hair  will  eventually  fall  out  and  cease 

^^D  return.    This  will  require  in  the  neighborhood  of  eight  months  to  a 

^^«ar  or  more.    There  will  be  no  reaction  but,  of  course,  there  is  very 

*  ikely  to  be  atrophy.    The  fractional  methoii  is  hardly  ever  employed 

^^r  this  pmpose. 

A  better  method  is  to  administer  \\\  S.  1).,  unfiltered,  every  five 

lays  for  a  total  of  HI.     If,  after  waiting  three  weeks  the  hair  has  not 

*allen  and  there  has  been  no  reaction,  the  same  doses  are  administered 

^t  intervals  of  four  days;  and  later,  if  necessary,  at  intervals  of  three 

^days.    In  this  manner  it  will  be  usually  possible  to  obtain  a  defluvium 

^thout  the  slightest  sign  of  reaction.     After  the  hair  is  out  it  is  neces- 
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sary  to  ^ve  II J  weekly,  H J  bimonthly,  or  H J  S.  I).,  unfiltered,  monthly 
for  fnnu  six  to  eight  months  or  even  a  year  in  order  to  prevent  a  return 
of  hair. 

Face. —The  x-rays  should  be  applied  to  the  face  by  the  four-exposure 
method  as  desoribeti  by  Kienbock.  A  detailed  desc»ription  of  this 
methtnl  will  be  found  under  the  heading  of  Tinea  Barbae. 

-l.r///a».— The  method  of  applying  x-rays  to  the  axillie  wnll  he  found 
under  the  heauling  of  Ilyperidrosis. 

Trufik.  — It  is  a  difficult  matter  to  obtain  uniform  dosage  over 
extensive  and  irregular  surfaces.  The  author  has  treated  men  who  had 
a  very  heavy  growth  of  coarse  black  hair  scattered  over  the  chest, 
shoulders,  arms,  and  upper  back.  In  such  instances  multiple  exposures 
are  made  as  follows:  The  tube  is  centered  over  the  anterior  axillary 
fold  of  first  one  side  and  then  the  other  side  on  about  a  level  i^nth  the 
nipj)le;  the  obliciue  rays  are  allowed  to  overlap  upon  the  chest.  The 
same  proctnlure  is  followed  for  the  upper  back.  Finally,  an  exposure 
is  made  to  the  external  aspect  of  each  arm  near  the  shoulder,  the 
incidence  being  at  right  angles  to  the  exposures  for  the  chest  and  back. 
All  non-hairy  parts  are  adequately  i)rotecte(l  with  lead  foil  or  other 
suitable  material. 

Iwircmitics.  -As  a  rule  the  growth  of  hair  is  limited  to  the  extensor 
and  lateral  aspects  of  the  forearms  and,  perhaps  the  backs  of  the  hands. 
To  equalize  the  dose  over  such  a  large  and  convex  surface  requires  six 
exposures  for  each  forearm.  With  the  palm  of  the  hand  resting  on  the 
table,  the  anode  is  centered  first  over  the  elbow  and  then  over  the  back 
of  the  hand.  The  distance  between  the  two  positions  should  be  about 
nine  inches.  Tiu*  same  procedure  is  then  followed  for  each  lateral 
surface,  providing,  of  course,  that  the  hyj)ertrichosis  involves  these 
surfaces.  Only  the  non-hairy  parts  are  protected.  A  similar  method 
is  used  for  the  l(»gs. 

Danger  Signs.  .\t  each  visit  the  skin  should  be  carefully  tested  for 
evidence  of  a  reaction— even  for  i)remonitory  symptoms  of  a  reaction. 
Skin  that  is  nearly  ready  to  show  visible  signs  of  mild  radiodermatitis 
is  usually  irritable.  It  will  flush  readily,  even  u])(>n  change  of  posture 
or  slight  pressure.  It  reddens  quickly  under  the  influence  of  heat  or 
even  under  emotional  excitement.  It  is  irritable  when  exiK)seil  to 
wind  or  sunlight.  A  very  good  way  to  determine  if  one  is  close  to  the 
danger  point  is  to  note  the  erythema  i)r(>(luce(l  by  slapi>ing  or  by  the 
application  of  a  folded  towel  wet  with  hot  water,  as  compared  with 
the  efiect  j)roduced  on  neighboring  unexposed  skin. 

At  the  slightest  evidence  of  reaction  or  even  in  the  j)resenc*e  of 
marked  premonitory  symj)toms,  the  exposures  should  be  discontinued 
temporarily. 

The  patient  should  be  cautioned  against  doing  anything  that  might 
enhance  the  efl'ect  of  the  .r-rays,  such  as  exposure  to  the  sun  and  wind, 
application  of  stimulating  and  irritating  topical  remcHlies,  etc. 
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Kltratum.— The  author  is  not  convinced  that  filtered  x-rays  are 
better  than  unfiltered  x-rays  for  the  treatment  of  hypertrichosis. 
Certainly  there  is  no  harm  in  using  a  filter  and  there  may  be  an  advan- 
tage. The  possible  advantages  of  filtered  radiation  are  as  follows: 

1.  There  seems  to  be  a  little  greater  latitude  between  the  amount 
necessar}'  to  effect  a  deflu\dum  and  the  amount  necessary  to  provoke 
an  erjthema. 

2.  There  is  a  smaller  proportionate  absorption  of  radiation  in  the 
tissue  between  the  niveau  of  the  epidermis  and  the  hair  papillse. 

These  points  are  discussed  in  detail  in  the  chapter  on  General  Thera- 
peutic considerations  and  need  not  be  repeated  here.  It  is  well  to 
emphasize,  however,  that  it  is  necessary  to  completely  and  permanently 
destroy  the  hair  papillae.  As  stated  before  in  this  chapter,  when  an 
aniount  of  radiation,  even  heavily  filtered  radiation,  sufficient  to  des- 
troy the  follicles  has  been  administered,  there  will  be  a  certain  amount 
of  atrophy  of  other  parts  of  the  true  skin.  The  shrinking  due  to  loss 
w  hair  follicles,  atrophy  of  other  appendages  and  of  collagen  and  elastic 
"ssue,  may  be  sufficient  to  produce' visible  puckering  or  wrinkling, 
specially  on  motion. 

The  author  cannot  deny  that  under  exactly  similar  circumstances 

^cre  is  less  danger  of  visible  wrinkling  with  filtered  radiation.     He  has 

^^^  noticed  any  particular  difTerence  but  he  respects  the  opinion  of 

®«iers  who  after  long  experience  aver  that  there  is  a  difTerence.    In 

^'^y  event  it  is  important  to  note  that  filtered  radiation  does  not  insure 

'^S^nst  wrinkling.    It  is  important,  also,  to  realize  that  an  erythema 

^Used  by  filtered  radiation  may  be  followed  by  the  same  sequelae 

^  those  encountered    subsequent  to  reactions  caused  by  unfiltered 

'^^tion. 

Htdium.— In  a  general  sense  what  has  been  written  in  this  chapter 
'^lative  to  the  use  of  x-rays  in  the  treatment  of  h\T>ertrichosis  applies 
^^  radium.  For  extensive  surfaces  radium  is  inconvenient.  The 
*^ir  bulbs  and  papillae  are  a  little  too  deep  to  be  treated  successfully 
JJ^th  "soft**  beta  rays.  Therefore  it  is  preferable  to  utilize  only  the 
hard"  beta  rays  or  the  gamma  rays.  For  further  details  the  reader  is 
J^^ciTed  to  the  chapters  on  Radium  Technic  and  General  Therapeutic 
^  ^nsiderations. 
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CHAPTER  XXVIII. 
DISEASES  OF  THE  HEMATOPOIETIC  SYSTEM.^ 

TiiK  diseases  that  will  be  discussed  in  this  chapter  are: 

1.  Granuloma  Fungoides.         3.  Lymphogranulomatosis  Cutis. 

2.  Leukemia  Cutis.  4.  Hodgkin's  Disease. 

GRANULOMA  FUNGOIDES  (MTCOSIS  FUNGOIDES). 

Schiiltz  (Germany,  1902)  was  the  first  to  employ  x-rays  for  the 
treatment  of  mycosis  fungoides.  Belot  (France),  Jamieson  (England) 
and  Allen  (United  States),  were  the  first  to  use  ar-rays  for  this  pur- 
pose in  their  respective  countries. 

These  initial  records  were  followed  immediately  by  reports  by 
Walker  and  Brooks,  Stainer,  Riehl,  Marsh,  Hyde,  Montgomery  and 
Ormsby,  Carrier  and  Pusey.  Since  these  early  reports  the  literature 
has  become  volummous. 

Clinical  Features.— A  controversy  exists  today  with  respect  to  granu- 
loma fungoides,  not  only  in  its  clinical  but  also  in  its  histopathological 
features.  Some  dermatologists  of  experience  and  repute  often  show  a 
tendency  to  include  under  the  entity  known  as  granuloma  fungoides, 
certain  generalized  and  universal  erythrodermias,  sometimes  associated 
with  lichenification,  not  accompanied  by  any  characteristic  blood 
changes,  and  probably  related  to  the  so-called  "aleukemic"  leukemides, 
to  pityriasis  of  Hebra,  or  to  dermatitis  exfoliativa.  These  generalized 
erythrodermias  certainly  do  not  respond  to  roentgen  therapy  as  does 
granuloma  fungoides.  As  a  rule  the  lichenification,  if  it  exists,  will 
subside  under  roentgen  therapy;  but  complete  retrogression,  as  obtains 
so  frequently  in  granuloma  fungoides,  is  the  exception  rather  than  the 
rule. 

The  roentgenologist  should  be  acquainted  with  the  behavior  of 
granuloma  fungoides  when  irradiated  and  when  not  irradiated.  The 
reader  is  advised  to  study  the  affection  in  any  standard  text-book  on 
dermatology.    Only  the  essential  features  will  be  mentioned  here. 

The  disease  begins  usually  with  an  eruption  that  may  resemble 
eczema,  psoriasis,  parapsoriasis,  or  neurodermatitis.  This  is  the  pre- 
fungoid  stage.  The  eruption  is  almost  always  pruritic,  the  itching 
as  a  rule  being  intense.  The  individual  lesions  consist  of  dusky-red, 
seal}'  patches  of  various  sizes.    During  the  evolution  of  the  eruption 

*  P^or  oxplanation  of  terms  used  in  this  chapter  to  express  dosage  see  Chapters  X 
and   XIX. 
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old  k'sions  may  spontaneously  involute,  and  there  may  be  periods  c 
quiesfenee.  More  commonly  new  lesions  continue  to  appear  until  I 
the  eruption  is  generalized.  The  prefimgoid  stage  may  he  of  several  1 
years'  duration,  it  may  endure  for  only  a  few  weeks  or  months,  or  it  1 
may  be  entirety  absent.  In  the  last  instance  the  disease  begins  with  f 
infiltrated  plaques,  nodules  or  tumors. 

Tlie  fungoid  stage  is  represented  by  nodules  and  tumors  that  range  i 
in  size  from  a  pea  to  a  eocoanut.  The  lesions  may  be  firm,  smooth  ■ 
tumors  or  they  may  ulcerate  and  form  large  (ungating  masses.  Th«l 
lymphatic  glands  enlarge,  the  patient  becomes  cachectic  and  death! 
fdlliiw;  friiin  ■^cpti<TiniLi,  toxemia.  cxhiiustioTi,  or  death  may  be  due  ' 


to  visceral  involvement.     Tumors  occasionally  spontaneously  i 
lute,  either  by  suppuration  or  by  resolution  and  absttrption.  but  r 
lesions  continue  to  develop. 

The  prognosis  is  practically  hopeless,  excepting  as  to  prolongatii 
of  life  by  z-tav  and  radium  treatment.    The  patient  may  live  t 
a  few  months  to  fifteen  >ears,  the  average  being  from  two  to  four  J 
years. 

After  the  development  of  tumors  the  patient  usually  succumbs  in  I 
a  few  months  or  at  most  in  two  or  three  ,\'ears.  There  have  be 
but  3  cases  of  permanent  cure  on  record.  One  cure  followed  i 
attack  of  erysipelas;  2  others  followed  the  administration  of  arae&ic  u 
(Bazin,  Kobner,  Geber). 
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H^BSect  of  X-rafs  and  Radium  on  Prognosis. — The  uuthor  has  failed 
'  to  6ml  a  single  report  of  a  pennanent  cure  of  (^aimloma  fungiiides 
with  j--rays  or  radium.  The  esirly  literature  amtains  a  number  of 
reports  of  cHnieal  cures  without  recurrence  for  a  year  or  two.  Sequeira 
(^1914),  in  an  excellent  article  on  granuloma  fungoides  in  which  he 
reviewed  the  literature,  failed  to  find  a  single  case  of  the  disease  that 
had  been  permanently-  cured  with  j-ra,\'3.  The  discussion  followinR 
the  paixT  wa.s  brilliant.     All  the  speakers  (Pringle,  Malcolm  Morris, 


McDonagb,  Galloway,  Stowers,  Abraham,  Whitfield,  I'ernet,  (iraham 
Little,  MacLeod  and  Dore)  were  of  the  opinion  that  jr-rajs  could  not 
be  depended  upon  to  permanently  eradicate  the  disease,  although 
they  might  do  so  rarely.  Whitfield  reported  1  c'ase  where  there  had 
been  no  recurrente  for  five  years  and  Sequeira  told  of  a  patient  wh<i 
had  been  free  of  eJinical  e\idence  of  the  disease  for  four  jears,  Bis- 
serif  obtained  5  cures  out  of  ti  cases;  in  1  ciise  there  was  a  recurrence; 
the  pcriixl  of  ohscrviilion  was  fifteen  months. 


J 
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\  rp'iew   4  ■rxt-h.-ik.--  ami  articles  shows  that  it  is  the  cons 
■t  -nmierr.   'piiiii>ii  'iiat  .'-my-;  jimi  ratitum  are  superior  to  any 
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known  therapeutic  agent  or  combination  of  such  agents  for  the  treat- 
ment of  granuloma  fungoides.  Patients  may  be  kept  alive  and  in 
comfort  for  years.  Such  patients,  however,  eventually  succumb  to 
the  disease  if  they  have  not  died  of  some  intercurrent  affection  in  the 
meantime. 

Effect  on  Ssrmptomatology. — ^The  effect  of  irradiation  on  the  cuta- 
neous lesions  of  granuloma  fungoides  is  spectacular — dramatic.  It  is 
possible  (but  not  advisable)  to  cause  complete  involution  of  the  largest 
tumors  or  most  extensive  plaques  with  one  treatment.  Patients  who 
are  literally  covered  with  lesions,  who  are  offering  intensely  from 
pain  and  itching,  who  are  in  exceedingly  poor  general  health,  and 
who  have  failed  to  obtain  relief  with  other  remedies,  can,  in  the 
majority  of  instances,  be  clinically  cured  by  the  proper  use  of  a;-rays. 
What  a  pity  that  the  relief  is  not  permanent!  The  author  has  treated 
30  cases  of  granuloma  fungoides  with  a;-rays  and  radium.  The  follow- 
ing description  of  the  action  of  these  agents  on  this  disease  is  based 
on  personal  experience. 

To  determine  the  exact  value  of  irradiation  in  the  treatment  of 
granuloma  fungoides  is  not  an  easy  matter.  The  result  seems  to 
depend  partly  upon  technic  and  judgment  and  partly  upon  the  disease 
itself.  As  we  shall  see  later  there  is  evidence  to  support  the  opinion 
that  the  symptoms  can  be  made  w^orse,  the  disease  can  be  made  more 
malignant,  complications  can  be  effected  and  death  can  be  hastened 
by  improper  technic.  But  first  let  us  assume  proper  technic  and 
confine  our  attention  to  the  beha\ior  of  different  clinical  types  of 
the  affection. 

Cases  are  encountered  in  which  the  x-ravs  seem  to  be  of  little 
benefit.  New  lesions  develop  as  fast  or  faster  than  the  old  ones 
disappear.  In  a  few  weeks  or  months  the  treatment  ceases  to  be 
beneficial  and  the  patient  succumbs.  Fortunately  such  cases  are  in 
the  minority.  Even  in  these  malignant  cases  irradiation  is  of  value 
in  temporarily  lessening  the  itching.  Rarely,  a--rays  have  no  effect 
whatsoever. 

It  is  rather  a  common  phenomenon  to  observe  patients  who  do 
fairly  well  under  irradiation  but  who  are  never  entirely  relieved. 
These  patients,  like  the  former  type,  usually  have  a  generalized 
eruption  consisting  of  erythematous  patches,  infiltrated  plaques  and, 
perhaps,  tumor  formation.  Itching  is  greatly  relieved  and  may  be 
entirely  arrested.  The  lesions  involute  in  a  few  weeks  but  new  lesions 
continue  to  appear.  By  more  or  less  constant,  carefully  conducted 
irradiation,  these  patients  can  be  kept  comfortable  most  of  the  time 
for  several  years.  Sooner  or  later,  usually  in  from  tw  o  to  five  years, 
the  treatment  loses  its  effect.  New  lesions  develop  even  in  locations 
that  are  being  irradiated.  Both  new  and  old  lesions  fail  to  be  bene- 
fited; even  itching  is  no  longer  relieved.  After  x-rays  cease  to  be  of 
service  these  patients  die  as  a  rule  in  a  few  months. 

There  is  a  third  group  of  cases,  the  most  common  of  all,  in  which 
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the  patients,  after  a  course  of  x-ray  treatment,  remain  asyinptuma 
for  varying  lengths  of  time— from  a  few  months  to  u  year  nr  twn. 
The  recurrences  are  readily  amenable  to  irradiation  and  the  patients 
remain  comfortable  for  several  to  many  years.  Some  patients  require 
Be\'eral  courses  of  treatment  each  year  whili'  others  require  only  one 
or  a  few  treatments  each  year  or  every  two  or  three  years.  Sooner  or 
later,  however,  the  disease  fails  to  yield  to  the  treatment  and  the 
patient  succumbs. 

Usually  it  is  impossible  to  determine  the  prognosis  the  first  time 
the  patient  is  examine*!.  But  after  watching  tlie  eiTect  of  roentgeni- 
zation  for  a  few  weeks  or  niontha  it  becomes  possible  to  place  the  case 
in  one  of  the  three  groups  outlined  above  and  hence  the  prognosis  is 


determine*].  Generalized  eruptions  of  either  the  prefunpoid  stage 
or  the  fungoid  stage,  in  apparently  exceedingly  severe  (.■ases,  will  often 
clear  up  and  the  disease  will  remain  under  «>ntrol  for  many  yearw. 
The  same  is  often  true  even  in  cases  when  the  fungoid  stage  is  not 
preceded  by  a  prefungoid  eruption.  Conversely,  one  meets  with 
apparently  mild  cases  that  very  soon  become  exceedingly  recalcitrant. 
It  is  this  last  type,  together  with  phenomena  that  will  be  descHlietl 
later,  that  has  led  many  to  believe  that  irradiation  is  the  cause  of  the 
change  from  benign  to  malignant  tyjte.  As  will  be  seen  later,  injti- 
dicious  irradiation  may  effect  this  undesirable  result,  but  the  t 
thing  is  note<l,  not  only  when  the  technic  is  proper,  but  even  wh 
a--rays  or  radium  are  not  used. 
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Illustrative  Case  Reports. 

Case  10. — Mr.  J.  H.  D.,  fifty-five  years  of  age.    The  disease  first  became 
\       manifest  fourteen  years  ago.    For  the  first  few  years  the  eruption  resembled 
eczema.    Eleven  years  ago  Howard  Fox  successfully  treated  the  patient  with 
i-rays  for  a  generalized  prefungoid  eruption.    The  eruption  returned  in  a  few 
nwnths  and  again  became  generalized.    For  a  period  of  two  or  three  years  the 
disease  was  held  in  abeyance  with  x-rays  by  Dr.  Fordyce.    The  patient  then 
fell  into  the  hands  of  the  author.    For  several  years  there  were  no  erythema- 
tous patches  but  a  few  nodules  would  develop  two  or  three  times  a  year.    These 
lesions  disappeared  promptly  when  irradiated.    For  the  past  four  years  it  has 
not  been  necessary  for  the  patient  to  receive  x-ray  treatment  more  than  twice 
3'early  and  during  one  entire  year  there  were  no  lesions. 

Case  11. — Miss  A.  B.,  thirty-five  years  of  age.    The  patient  developed  a 

few  nodules,  the  first  evidence  of  her  trouble,  in  1915 — mycosis  fungoides 

d'emblfe  of  the  French  school.    The  lesions  disappeared  as  a  result  of  three 

fractional  x-ray  treatments  at  weekly  intervals.    One  year  later  there  was  a 

''^cmpence,  the  lesions  disappearing  promptly  when  irradiated.    There  were 

"^  leaons  in  1917  and  1918.     In  1919  there  were  two  outbreaks  the  first 

fPPgJBting  of  nodules  and  the  second,  eight  months  later,  consisting  of  two 

Jjyttematous  plaques  and  a  few  nodules,  all  of  which  involuted  under  a  few 

2J^ft>Dal  treatments.    The  last  attack  required  almost  double  the  amount  of 

Jyrtnent  necessitated  by  the  earlier  recurrences.    At  the  present  writing 

**JSn8t,  1920)  the  patient  has  been  free  of  symptoms  for  eight  months. 

•  -These  two  patients  are  the  most  favorable  cases  ever  seen  by  the  author. 

■"■^  patients  require  several  courses  of  treatment  each  year. 

Cabb  12. — Mrs.  B.  A.,  thirty-three  years  of  age.  This  patient  had  had  an 
** option  ior  two  years  before  x-ray  treatment  was  instituted.  When  treat- 
J*^t  was  begun  the  eruption  was  generalized  and  consisted  of  slightly  infil- 
^''^ted  scaly  and  intensely  pruritic  plaques.  There  have  never  been  any  tumors 
y^  modules.  In  spite  of  carefully  administered  x-ray  treatment  the  patient 
^•8  not  been  entirely  free  of  lesions  during  a  period  of  six  years.  Most  of  the 
J**»e  the  eruption  has  been  kept  under  control,  the  patient  requiring  weekly 
''''^iitinents  for  new  lesions  in  circumscribed  areas.  Occasionally  the  disease 
^'^uld  remain  quiescent  for  a  month  or  two,  bujt  most  of  the  time  new  lesions 
J^^re  constantly  developing.  The  best  that  could  be  done  in  this  case  was  to 
*^eep  the  patient  comfortable  and  almost  free  of  lesions. 
.  The  behavior  of  the  disease  under  roentgenization  as  outlined  in  Case  12 
J^  common.  Such  patients  can  be  kept  comfortable  for  periods  ranging  from  a 
^e'w  to  many  years.  Case  13  represents  a  slightly  different  tyjxi  where  the 
•■^^ults  are  better. 

Case  13. — Mrs.  M.  M.,  forty  years  of  age.    Duration  of  affection  before 

'^'^^'itgenization,  one  year.    The  eruption  was  generalized  and  consisted  of 

Pt^fiingoid  lesions.    The  eruption  disappeared  in  a  few  weeks  under  x-ray 

*^*tnient  and  the  patient  remained  asymptomatic  for  six  months,  when  there 

,  -  *®  ft  rapid  development  of  new  lesions.    This  patient  has  been  under  observa- 

'  j^^  ^or  eight  years.    She  has  a  recurrence  once  or  twice  a  year;  the  eniption 

?[^ys  disappears  promptly  when  irradiated. 

-*  *ie  next  patient  illustrates  a  common  termination  of  even  favorable  cases. 

^-'^JftE  14. — Mr.  G.  W.    The  history  of  the  eruption  and  its  action  when 

ited  were  similar  to  Case  13.  At  the  end  of  four  years  prefungoid  lesions 

^Qped  faster  than  they  could  be  made  to  disappear.     A  few  months  later 

ceased  to  prove  efficacious,  the  eruption  became  universal,  tumors  and 

'''5^inent  of  lymphatic  glands  developed,  and  tlie  patient  became  cachectic 

.^ied. 

i^maining  case  reports  illustrate  the  piore  unfavorable  types. 
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Case  15. — Mr.  J.  A.  C.  The  prefungoid  stage  had  been  present  for  five 
years.  When  first  seen  by  the  writer,  there  was  a  generaUzed,  prefungoid- 
type  of  eruption  with  numerous  tumors  scattered  over  the  body.  The  tumors 
ranged  in  size  from  a  pea  to  a  walnut.  The  patient  had  been  given  two  or 
three  x-ray  treatments  each  week  over  a  period  of  four  months  with  con- 
siderable improvement.  After  four  months  of  ahnost  daily  treatment  the 
patient  was  free  of  skin  manifestations  but  his  general  health  was  not  very  good. 
He  returned  in  six  months  and  stated  that  new  lesions  had  been  constantly 
developing  and  that  they  had  not  been  influenced  favorably  by  x-ray  treatnaent 
received  in  another  city.  Carefully  administered  treatment  kept  the  patient 
comfortable  and  fairly  free  of  lesions  for  a  few  months;  then  x-rays  ceased  to 
have  any  effect  at  all.  The  patient  died  two  months  after  cessation  of  x-ray 
treatment. 

Case  16. — Mrs.  G.  B.  A  Jewish  woman,  thirty-eight  years  of  age,  exhibited 
a  generalized  eruption  consisting  of  pruritic,  infiltrated  plaques  and  numerous 
painful  tumors  ranging  in  size  from  a  pea  to  a  hickory  nut.  The  duration  of 
the  disease  was  three  years,  during  which  time  the  patient  had  suffered  severely, 
especially  with  the  itehing.  X-rays  had  not  been  administered.  Under  the 
influence  of  irradiation  itching  was  temporarily  relieved  and  some  of  the 
lesions  disappeared.  In  less  than  a  year,  however,  x-rays  ceased  to  be  of 
benefit  and  the  patient  died. 

Case  17. — Mr.  A.  C.  D.  This  patient  had  had  mild  prefungoid  sjrmptoms 
for  an  indefinite  period.  He  had  never  received  x-ray  treatment.  Suddenly 
there  developed  numerous,  very  itehy  plaques  which  were  scattered  generally 
over  the  body.  The  eruption  disappeared  under  x-ray  treatment.  Three 
months  later  the  patient  exhibited  markedly  enlarged  axillary,  inguinal  and 
cervical  glands,  and  a  few  infiltrated  plaques.  Both  the  adenitis  and  plaques 
involuted  slowly  under  x-ray  treatment.  The  patient  was  asymptomatic  for 
four  months.  There  was  then  a  return  of  the  adenitis  and  skin  manifestations, 
the  eruption  consisting  of  infiltrated  plaques  and  tumors  and  nodules.  X-rays 
were  no  longer  efficacious  and  the  patient  succumbed. 

Possible  Injurious  Results  of  Irradiation. — On  several  occasions  it  has 
been  alleged  that,  as  a  result  of  roentgen  therapy,  the  disease,  which 
had  been  previously  relatively  benign,  assumed  a  malignant  ty^ 
and  death  resulted  in  a  few  months.  White  and  Burns  report  a  case 
which  began  with  red,  scaly  patches  in  1902;  tumors  and  ulcers  began 
to  appear  in  1904.  WTiile  the  eruption  was  widespread,  nevertheless 
the  patient  was  in  good  general  health  up  to  June  29,  1905,  w'hen  the 
^-rays  were  first  applied.  The  radiation  was  first  administered  tri- 
weekly in  very  moderate  doses  to  a  group  of  ulcerated  lesions  in  the 
pubic  region.  The  temperature  w-hich  had  been  practically  normaK 
began  to  rise  on  July  3  and  reached  103°  on  the  8th.  It  then  fell 
rapidly  and  reached  normal  on  the  11th,  only  to  rise  again  to  104° 
on  the  13th.  The  temperature  was  again  normal  on  the  15th.  Dur- 
ing this  period  the  treatment  had  been  confined  to  the  only  ulcerated 
lesions,  which  were  in  the  pubic  region.  From  July  15  to  August  22 
the  treatment  was  applied  to  all  parts  of  the  body.  The  temperature 
(luring  this  ])eriod  was  as  follows:  It  was  practically  normal  until 
August  4  when  there  was  a  sudden  rise  to  102°  for  one  day.  It  was 
again  normal  until  the  22d  when  there  was  a  sudden  rise  to  105°. 
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The  evening  temperature  then  ranged  from  103°  to  105°  until  Sep- 
tember 7  when  the  patient  died.  There  was  a  gradual  improvement 
in  the  eruption  which  entirely  disappeared  before  death.  Two 
blood  counts  were  made:  August  18:  white  cells,  10,000;  neutro- 
philes,  60  per  cent.;  small  lymphocytes,  29  per  cent.;  large  lympho- 
cytes, 8  per  cent.;  eosinophils,  2.5  per  cent.;  basophiles,  0.5  per 
cent.  September  6:  white  cells,  36,000;  neutrophiles,  70  per  cent.; 
small  lymphocytes,  23  per  cent.;  large  lymphocytes,  6.5  per  cent.; 
eosinophiles,  0.5  per  cent.  The  autopsy  and  postmortem  bacterio- 
logical findings  revealed  a  streptococcus  septicemia.  White  considered 
that  death  was  due  to  toxemia  resulting  from  the  too  rapid  involution 
of  the  lesions  under  the  influence  of  the  J'-rays. 

In  analyzing  this  case  there  are  several  points  to  be  considered. 
In  the  first  place  the  tumor  stage  of  the  disease  was  manifested  within 
two  years  so  that  it  was  not  a  particularly  benign  type.  It  required 
two  months  of  steady  treatment  to  overcome  the  lesions,  which  were 
scattered  over  the  entire  body.  The  J*-ray  treatment  was  given  by 
Dodd  who  stated  that  the  individual  exposures  were  very  moderate 
in  strength,  that  they  were  given  about  every  second  day  and  that 
only  small  portions  of  the  body  surface  were  treated  at  a  time.  In 
the  light  of  modern  experience  the  length  of  time  allowed  for  the 
disappearance  of  all  the  lesions  was  a  little  short  and  the  treatment, 
perhaps,  was  too  energetic  although,  as  will  be  seen  later,  there  are 
no  substantial  grounds  for  criticizing  this  feature  of  this  particular  case. 

The  blood  counts  are  interesting  because  it  might  be  claimed  that 
the  j'-rays  lowered  the  lymphocytic  elements  and  therefore  reduced 
resistance.  In  this  case  the  total  lymphocytic  count  after  two  months 
of  treatment  was  37  per  cent.— perhaps  a  little  above  normal.  Just 
before  death  the  lymphocytes  fell  to  29  per  cent.— perhaps  a  little 
below  normal.  At  the  same  time  the  total  count  had  increased 
from  16,0(K)  to  36,0(X)  with  a  gain  of  10  per  cent,  in  the  neutrophiles. 
The  blood  picture  is  rather  more  suggestive  of  septicemia  than  of 
toxemia.  As  a  comparison  the  author  had  a  case  of  advanced  granu- 
loma fungoides,  the  lesions  of  which  consisted  of  erj^thematous,  slightly 
infiltrated  plaques,  nodules  and  fungating  and  ulcerating  tumors. 
The  individual  lesions  were  somewhat  recalcitrant  and  for  a  few 
months  new  lesions  appeared  almost  as  fast  as  the  old  ones  disappeared. 
It  was  necesvsary  to  treat  the  entire  body  and  daily  exposures,  gradu- 
ally increased  in  amount,  were  given  over  a  period  of  seven  months 
before  the  patient  was  symptomatically  cured.  At  one  time  he  was 
receiving  as  much  as  H2  S.  D.  unfiltered  in  divided  doses,  in  one 
month,  over  the  entire  body  surface.  In  spite  of  this  intensive  treat- 
ment and  the  enormous  number  of  lesions  that  under\\'ent  involution, 
the  patient  never  presented  the  alarming  symptoms  as  seen  in  White's 
case  and  the  blood  count  at  the  end  of  the  .r-ray  treatment  w^as  as 
follows:  Total  white  cells,  7200;  polymorphonuclears,  78  per  cent.; 
lymphocytes,  22  per  cent. 
28 
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Now  to  return  to  \Miite's  case.    The  febrile  reaction,  also,  wi»-  s  as 
suggestive  of  septicemia  as  of  toxemia.    Shortly  after  the  institis.  ^ion 
of  ar-ray  treatment  and  while  the  x-rays  were  being  applied  to      one 
ulcerative  lesion,  the  temperature  reached  102°.    Then  it  retu^^ned 
to  normal  in  spite  of  the  fact  that  the  treatment  was  continued     ^w 
that  the  ulcer  was  still  unhealed.    Then,  during  the  next  two  morB.'tyis, 
with  the  exception  of  two  upward  excursions  of  short  duration,    ^^" 
while  the  j--rays  were  being  applied  to  the  entire  body,  the  temi>^^^' 
ture   remained   practically   normal.     It   then   suddenly   assumes: 
septic  curve  and  a  few  days  later  the  patient  died.    Finally 
autopsy  revealed  that  there  was  no  internal  dissemination  of 
disease  and  the  macroscopic  and  microscopic  evidence  was  tha't: 
streptococcus   septicemia.    WTiile  it  is  possible  that  the  deathi^ 
White's  patient  was  due  to  toxemia  the  evidence  warranted 
pertinent  remarks  of  Pollitzer  during  the  discussion  of  White's  pa 
"Dr.  Pollitzer  inquired  why  the  death  of  Dr.  WTiite's  patient 
been  ascribed  to  toxemia?    The  autopsy  findings  showed  stre 
cocci  in  the  blood,  and  in  view  of  the  quite  frequent  occurren 
death  in  the  course  of  mycosis  fungoides  from  septic  infection  f 
without,  derived  through  the  skin  lesions,  the  speaker  said  tha 
wished  to  ask  why  Dr.  \Miite  presented  his  case  as  one  of  tox^ 
rather  than  one  of  simple  streptococcus  septicemia?*' 

Roman  reports  two  interesting  examples  of  granuloma  fungo 
in  which  .r-rays  were  employed.    The  first  patient  had  had  ecze=^ 
like  lesions  off  and  on  for  ten  years.    These  would  either  disap 
spontaneously  or  yield  to  ointments.     Finally  nodular  masses 
ulcerating  lesions  developed  which,  after  resisting  ordinary  t 
ment  for  a  year,  disappeared  as  a  result  of  five  x-ray  exposures, 
months  later  a  polymorphous  eruption,  including  ulcerating  tu 
suddenly  appeared.     X-ray   treatment  was  given  daily,   only 
small  section  of  the  body  being  exposed  on  any  one  day.    It 
necessary  to  discontinue  the  use  of  the  x-rays  over  long  intei 
on  account  of  febrile  reactions  which  Roman  states  w^ere  due  to 
x-rays  and  the  ulcerating  tumors.    While  a  few  lesions  disappe 
under  the  influence  of  the  a?-rays,  most  of  them  continued  to  ulc^ 
and  the  patient  soon  died.    The  blood  count  before  the  institi^^ 
of  .r-ray  treatment  showed  a  total  white  cell  count  of  9500. 
differential  count  gave:     Polymorphonuclears,  68.5  per  cent.;  s 
lymi)h()cytes,  12  per  cent.;  large  lymphocytes,  17  per  cent.;  tr 
tionals,  2  j)er  cent.;  eosinophils,  0.5  per  cent.    Just  before  d 
there  was  a  marked  anemia  and  the  total  white  count  inc 
27,000.    The  differential  count  was  not  given  but  the  increase 
sisted  mainly  of  polvmorphonuclears.    The  autopsy  revealed  m; 
scoi>ical  and  gross  changes  in  the  viscera  suggestive  of  granul 
fungoides. 

In  analyzing  this  case  one  seems  hardly  warranted  in  placing     ^^_  J^ 
hlanic  upon  the  x-rays.    The  doses  were  mild  or  moderate,  there 
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very  little  involution  of  the  lesions  and  there  was  a  great  deal  of 
ulceration  and  sloughing.  The  febrile  reactions  were  very  probably 
the  result  of  septic  absorption  and  death  was  most  likely  due  to  the 
disease  itself.  The  author  feels  that  the  disease  in  this  particular 
instance  was  malignant  and  its  course  was  practically  uninfluenced 
bv  the  .r-rays. 

ft  %> 

The  second  case  was  of  nine  years'  duration.  The  eruption  con- 
sisted mostly  of  erythematous,  slightly  infiltrated  plaques,  a  few 
eroded  lesions  and  non-ulcerating  tumors.  Soon  after  the  institu- 
tion of  j'-ray  treatment  there  was  a  febrile  reaction  and  an  erythema- 
tous eruption  which  began  as  pinhead  to  silver-dollar  sized,  discrete 
macules  which  soon  became  confluent.  The  eruption  was  generalized. 
It  disappeared  in  about  two  weeks,  leaving  a  pigmented,  slightly 
scaly  skin.  The  j*-ray  treatment,  which  had  been  discontinued  at 
the  onset  of  the  febrile  reaction,  was  again  resumed;  the  patient 
made  an  uneventful  recovery,  the  lesions  of  mycosis  fungoides  dis- 
api)earing  and  there  were  no  more  febrile  or  skin  reactions.  Blood 
counts  were  made  at  intervals  and  were  found  to  be  practically  normal. 

In  commenting  upon  this  case  Roman  states:  "The  striking 
features  .  .  .  are  the  febrile  turn  and  the  erythema-like  erup- 
tion, which  could  not  be  accounted  for  by  repeated  examinations  of 
the  internal  organs  and  certainly  do  not  belong  to  the  picture  of 
granuloma  fungoides.  It  seems  that  an  explanation  of  these  must 
be  sought  in  some  form  of  roentgen  toxemia.  -Y-ray  intoxications 
are  not  at  all  rare  ...  it  is  pretty  well  known  that  every  living 
cell  which  absorbs  roentgen  rays  undergoes  a  pathological  change  as 
a  result  of  a  chemical  dissoci^,tion  occurring  in  its  substance  analogous 
to  the  process  in  the  photographic  plate.  When  the  process  becomes 
sufficiently  intense  the  pathological  changes  manifest  themselves 
microscopically  in  a  degeneration  of  the  cell  as  evidenced  by  a  granu- 
lar breaking  down  of  the  protoplasm,  vacuolization  of  the  nucleus  and 
loss  of  staining  quality  of  the  same.  Gradually  this  leads  to  a  total 
disappearance  of  the  cell,  the  products  naturally  being  absorbed.  It 
is,  therefore,  not  unreasonable  to  suppose  that  when  the  absorbed 
material  is  in  great  excess  as,  for  instance,  in  cases  with  large  sensitive 
growths  and  very  frequent  exposures,  especially  in  a  susceptible  indi- 
vidual, these  absorbed  products  acting  like  toxins  should  produce  a 
reaction  of  considerable  severity. '* 

In  analyzing  this  case  there  is  one  feature  that  must  not  be  over- 
looked. **Six  years  ago  there  occurred  a  violent  rash  which,  among 
other  things,  was  treated  with  a--rays  and  which  soon  subsided  only 
to  return  in  a  very  short  time."  Just  what  was  meant  by  "violent 
rash"  is  not  plain.  It  may  have  been  an  acute,  generalized,  erythe- 
matous eruption  similar  to  the  later  attack  or  it  may  have  been  the 
rather  sudden  outbreak  of  prefungoid  lesions  of  granuloma  fungoides. 

As  Roman  says,  the  peculiar  eruption  following  the  use  of  the 
a:-rays  in  his  second  case  is  not  a  part  of  the  picture  of  granuloma 
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fuiifcoides,  hut  can  it  l>c  said  with  certainty  that  the  eruption  was  due, 
in<lircctly,  to  the  jvrays?  The  patient  received  only  a  few  mild  appli- 
cations, and  the  lesions  di<l  not  disappear  quickly,  circumstances  that 
wouM  militate  against  the  theory  of  the  too  sudden  absorption  <rf 
hir^e  anioinits  of  toxic  material  from  the  involuting  lesions. 

In  this  connection,  it  is  profitable  to  c*onsider  the  effect  of  the 
jT'Tnys  on  other  geiieralizwi  affections  which  are  often  treated  with 
.r-rays  ])soriasis,  eczema,  dermatitis  exfoliativa,  leukemia,  etc. 
The  author  has  treattnl  a  large  number  of  cases  of  generalized 
])soriasis,  when*  it  was  necessary  to  apply  the  rays  to  the  entire  body 
and  in  which  the  lesions  underwent  fairly  rapid  involution,  yet  a 
sudden  cutaneous  (»ruption  associated  with  febrile  disturbance  has 
seldom  o<*curred.  The  siime  can  be  said  regarding  splenic  and  spleno- 
m\'elog<'nous  leukemia,  when  .r-rays  have  been  extensively  and  rather 
int(Misively  api)li(Ml  over  long  jKTicMls  and  when  the  reduction  in 
lymphocytic  elements  has  lurn  fairly  rapid. 

However,  then*  is  hardly  any  doubt  but  that  the  too  intensive 
irni< Nation  of  pathological  and  even  of  nomlal  tissue  may  effect 
sym]>toms  of  ttixcmia.  In  some  instancies  it  is  possible  that  even 
smjill  closes  might  cause  more  or  less  toxemia.  In  the  literature, 
es])e(ijilly  that  prior  to  IIMO,  there  are  immerous  references  to  toxic 
manifestations  caused  by  .r-rays.  The  fact  that  we  now  seldom 
enctiunter  such  sym])toms,  because  of  improved  technic  and  cautious 
and  <M)ns<Tvative  administration,  would  set»m  to  indicate  that  many 
of  the  toxic  reactions  of  formcT  years  were  really  causetl  by  the  treat- 
nuMit.     Hricfl\   tlie  carlv  references  are  as  follows: 

Ilol/knecht  observed  febrile  reactions  and  a  scarlatiniform  derma- 
titis in  s<'vcral  ])aticiits  alllictcd  with  ditVerent  diseases.    The  eruption 
lasted  oiilv  a  week  or  two  and  was  followed  by  exfoliation  of  the 
eimlerniis.     He  alsi)  noted   instances  of  a  pruritic,  maculo-papular 
erni)tion,  which   was  thought   to  be  the  result  of  roentgenization. 
Kienlxick   mentions   thn*e   similar   cases   o1)s<tv(mI    by   him.     Kngle 
writes  of  a  case  of  leukemia  which,  after  receiving  two  hundred  and 
eighty  minutes  of  total  irradiation  suddenly  (lev<'lojKMl  a  severe  febrile 
n»action  with  syni])t<)ms  of  toxemia.     Death  occurred  in  a  few  days. 
Fricke  notetl,  in  a  case  of  leukemia,  a  febrile  reaction,  toxic  symptoms, 
an<l  an  i'xtcnsivc  cutaneous  eruption  of  a  seborrheic  dennatitis  or 
])snriatic  ty])c.     S(*haumann  observed  a  generaliziMl,  itchy,  papular 
eruption  following  intensive  roentgenization  t)f  the  spliHMi  in  a  case 
of  s])lenic  leukemia.     K<lwards,  while  not  giving  s])ecific  details,  is 
convinc(»d  that  death  often  results  from  toxemia  as  a  result  of  the 
.r-ray  treatment  of  internal  cancer.     Sterne  reports  a  case  of  splenic 
leukemia  in  which  there  develo]HHl  a  toxemia  with  s\W])toms  simu- 
lating an  acute  sei)sis.     Kven  the  micr()sco])ic  blood  findings  indi- 
cated a  se])ticemia.     Pusi\v  mentions  a  rash  and  symptoms  of  toxemia 
occurring  in  a  case  of  lymphadenoma  after  fiftivn  exiK)sures.    Allen 
has  observed  cutaneous  eruptions,  febrile  reactions  -and  toxic  symj)- 
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toms  following  the  disintegration  of  large  tumor  masses  under  the 
influence  of  the  or-rays.  Gibson  calls  attention  to  the  fact  that  in 
all  deep-seated,  extensive  tumors  the  x-rays  may  cause  rapid  disin- 
tegration and  the  dissolved  material  being  thrown  into  the  circulation 
in  large  amounts,  produces  a  condition  of  sepsis.  Nielsen,  Dock, 
Haret,  Linser,  Franklin  and  Lyle  are  all  quoted  by  White  and  Bums 
as  having  observed  toxic  symptoms  following  the  use  of  the  ar-rays  in 
deep-seated  cancer,  leukemia,  etc.  Most  of  these  authors  ascribed 
the  toxemia  to  the  x-rays,  but  Dock  states  that  toxic  symptoms  occur 
so  fre<}uently  in  leukemia  that  it  is  impossible  to  tell  how  much  influ- 
ence the  radiation  has  in  producing  such  manifestations.  Linser 
found  that  x-rays  destroyed  the  leukocytes,  especially  the  circulating 
lymphocytes.  Also,  a  leukotoxin  was  produced  and  when  a  serum 
containing  this  substance  was  injected  into  an  animal  a  destruction 
of  leukocytes  followed.  For  further  details  relative  to  the  action  of 
.r-rays  and  radium  on  the  lymphocytes  see  Chapter  XIV.  Pancoast  in 
his  many  articles  on  the  x-ray  treatment  of  leukemia  has  repeatedly 
called  attention  to  the  advisability  of  employing  small  oft-repeated 
doses. 

The  author  has  seen  two  cases  of  granuloma  fungoides  in  which 
there  were  phenomena  suggesting  toxemia  during  a  course  of  x-ray 
treatment.    One  case  was  very  similar  to  Roman's  second  patient. 
The  patient  had  received  daily  irradiation  for  a  period  of  four  months. 
The  treatments  were  so  arranged  that  the  entire  body  surface  received 
HJ  S.  I).,  unfiltered,  the  first  month,  Hi  the  second  and  third  months, 
and  H2  the  fourth  month.    The  lesions,  which  consisted  of  erythema- 
tous plaques,  nodules  and  ulcerating  tumors,  undem'ent  rather  slow 
involution  and  new  lesions  developed  as  fast  as  the  older  ones  dis- 
appeared.   Toward  the  end  of  the  fourth  month  there  gradually 
appeared  an  eruption  of  erj^thematous,  non-infiltrated  macules  and 
plaques.    The  individual  lesions  ranged  in  size  from  a  pinhead  to  an 
adult  palm.    They  developed  first  on  the  chest  and  abdomen  and 
spread  rapidly  all  over  the  trunk  and  extremities.    The  lesions  then 
coalesced  to  form  a  fairly  generalized  eruption.    The  lesions  of  gran- 
uloma fungoides  became  more  pronouncedly  red  and   two  of  the 
plaques  showed  the  presence  of  bullse,  but  there  was  no  visible  change 
in  the  tumors.    There  was  edema  of  both  legs,  a  slight  elevation 
in  the  temperature  and  a  trace  of  albumin  in  the  urine.    There  was 
no  prostration.     Irradiation  was  discontinued  and  in  three  weeks  the 
eruption  had  disappeared  leaving  a  temporary  yellowish-brown  stain 
and  an  exfoliation.    Only  a  few  new  mvcosis  lesions  were  now  devel- 
oping  and  the  old  lesions  were  disappearing.    The  x-ray  treatment 
was  rec^ommenced  and  at  the  end  of  the  sixth  month  the  patient  was 
free  of  lesions,  in  good  general  health,  and  left  for  his  home  in  Cuba. 
A  few  months  later  plaques  and  tumors  again  developed.    At  first 
they  were  improved  by  x-ray  treatment,  but  very  soon  the  x-rays 
ceased  to  have  any  effect  and  the  patient  died. 
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ill   mind.   Iii»\\r\«r.   that    tla-n-   i^   n-a^on    f<»   lu-licxr   that   thr  .r-rav<. 
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of  <!raniilonia  fiin;ioi(|f>  may  hriii;:  alnnit   nndcsiral)!**  r('siilt>. 

Technic  X-rays'.  Skin  that  i^  the  >itc  of  a  legion  of  granuloma 
fnn;,'oi(l('s  is  likclv  to  ln'  imu-c  *' radio>rn>iti\i'"  than  i^  thr  siirn»un<l- 
iii^'  normal  skin.  Thcrrfofc,  hii'^'c  dosc^  aic  not  indicated.  When 
there  are  only  a  fe\N  scattered  le.-^ion-^.  fraetional.  semi-inten^^ixc  or 
>ul)intensi\('  treatments  irixc  excellent  results.  As  a  riih*,  three  or 
four  fractional  or  one  or  two  semi-intensive  or  a  single  siiherytheina 
doM»  will  suffice  to  make  any  one  lesion  disappear. 
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Fractional  treatment  is  advised  especially  at  the  beginning  of 
treatment,  in  order  to  avoid  the  possibility  of  toxemia.  Later,  if 
the  eruption  is  stubborn,  and  localized,  larger  doses  may  be  tried. 
As  a  rule,  however,  if  small  or  moderate  doses  do  not  prove  efficacious 
larger  doses  will  be  equally  ineffectual.  To  insist  on  the  continuation 
of  .r-ray  treatment  in  cases  that  do  not  respond  is  poor  policy. 

Often  it  is  necessary  to  irradiate  all  or  a  greater  part  of  the  body 
surface.  For  reasons  given  throughout  this  chapter  it  is  advisable 
to  begin  with  very  small  doses.  It  is  customary  to  divide  the  body 
into  from  three  to  six  areas,  depending  upon  the  distribution  of  the 
eruption,  and  expose  each  area  once  weekly.  The  dose  at  first  is 
HJ  S.  D.,  unfiltered.  After  two  or  three  weeks  the  dose  may  be 
increased,  if  necessary,  to  HJ. 

It  is  a  good  idea  to  make  a  differential  white  cell  count  about  every 
two  weeks.  If  there  is  a  marked  decrease  of  lymphocytes  or  if  there 
are  any  signs  of  toxemia,  irradiation  should  be  discontinued  tempo- 
rarily. 

If  the  eruption  becomes  recalcitrant,  ar-ray  treatment  should  be 
stopped  and  other  methods  tried.  After  a  few  months'  rest  it  is 
possible  that  irradiation  will  again  prove  efficacious. 

Lesions  situated  in  the  eyebrows  or  on  the  scalp  may  be  treated 
in  the  same  way  as  lesions  on  the  glabrous  skin,  the  only  exception 
being  that  the  dose  is  limited  to  a  total  of  HJ  S.  D.,  unfiltered,  in  one 
month.  When  necessary  it  is  permissible  to  administer  larger  doses 
to  hairy  regions  regardless  of  the  effect  on  the  gro>\i;h  of  hair. 

Fiftratiori.— Filtered  radiation  is  indicated  when  the  lesions  are 
more  than  3  or  4  cm.  in  thickness.  As  a  rule  filtered  radiation  is  not 
necessary,  excepting  in  very  large  tumors,  because  the  lesions  of 
granuloma  fungoides  yield  readily  to  j*-rays  of  any  quality.  The 
author  has  never  been  able  to  cause  the  involution  of  lesions  with 
filtered  radiation  that  failed  to  yield  to  unfiltered  .r-rays— with  the 
exception  of  very  large  tumors. 

For  further  technical  details  the  reader  is  referred  to  the  follow- 
ing chapters:  General  Therapeutic  Considerations,  Filtered  -Y-ray 
Technic,  Practical  X-ray  Technic,  Psoriasis. 

Radium.— Radium  may  be  used  advantageously  for  the  treatment 
of  lesions  that  are  more  or  less  inaccessible  to  ir-rays— mouth,  external 
auditory  canal,  etc.  Also,  radium  is  suitable  for  circumscribed  lesions 
on  any  part  of  the  body.  Obviously,  x-rays  are  more  suitable  for 
extensive  surfaces. 

The  usual  controversy  has  arisen  relative  to  the  comparative 
efficacy  of  radium  and  x-rays  in  the  treatment  of  this  disease.  Bayet, 
for  instance,  claims  superiority  for  radium  in  the  treatment  of  indi- 
vidual lesions.  The  author  has  found  no  difference  in  efficacy.  He 
prefers  x-ray  treatment  on  account  of  the  latitude  and  flexibility. 
Radium,  in  the  author's  experience,  has  not  succeeded  in  causing 
the  involution  of  a  lesion  that  failed  to  disappear  as  a  result  of  x-ray 
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treatment.  In  this  connection,  Ordway  has  succeeded  in  obtaining 
remissions  with  radium  in  cases  of  leukemia  that  were  resistant  to 
j'-rays. 

If  a  lesion  is  not  more  than  1  to  2  cm.  thick  penetrating  beta  rays 
may  Ih»  use<l,  the  very  **soft'*  beta  rays  being  eliminated  by  a  thin 
scn»i»n  of  aluminium.  In  the  case  of  a  tumor  or  a  very  thick  patch, 
only  the  ganuna  rays  should  Ire  employed.  For  further  technical  details 
tlu»  HMulcr  is  rt»fcrriMl  to  the  chapter  on  radium  technic. 

LEUKEMIA  cnns. 

^riu»  author  trt»atcd  one  case  of  generalized  leukemia  cutis  with 
.r-rays.  TIktc  was  some  involution  of  lesions  and  some  relief  of  the 
itching.  Practically,  the  treatment  was  of  very  little  value  in  this 
])articular  case*.  In  several  patients  with  circumscribed  eruptions 
thought  to  l)c  due  to  leukemia,  the  itching  was  arrested  and  the 
cruj)tioii  disappeared. 

The  author  has  not  found  any  literature  dealing  with  this  subject. 
However,  the  good  tenijxjrary  results  obtained  in  splenic  and  spleno- 
niyclogcnous  leukemia,  lUxlgkin's  disease  and  granuloma  fungoides, 
warrants  the  Ix^licf  that  .r-rays  should  be  of  value  in  the  treatment  of 
hMikcniia  cutis. 

LYMPHOGRANULOMATOSIS  CUTIS. 

Wise's  well-known  case  of  lynii)hogranul()matosis  cutis  {Lymph- 
(uhmnsh  cuih  uuiirrsalis,  associated  with  generalize<l  erythrodermia 
and  atroj)hy  of  the  skin)  was  l)cnefitcd  by  .r-ray  treatment,  the  j'-rays 
having  Ixmmi  administered  by  Ucmer  in  Dr.  Fordyce's  clinic.  Itching 
was  relieved  and  infiltrated  j)laqucs  and  boggy  tumors  disappeared. 

HODGKIN'S  DISEASE. 

llodgkin's  disease  is  of  interest  to  the  dermatologist  and  he  is  often 
called  in  consultation  to  advise  relative  to  diagnosis  and  treatment. 
Furthennorc,  in  rare  instances,  there  are  skin  nianifestaticms  in  addi- 
tion to  the  cnlarg(Ml  lymphatic  glands.  The  literature  dealing  with 
.r-ray  an<l  ra<liuni  treatment  of  Ibnlgkin's  disease  is  quite  voluminous 
and  all  authors  agree  that  in  the  majority  of  cases  it  is  possible  to 
effect  a  temi)orary  clinical  cure.  Hecurrence  is  the  rule,  but  patients 
can  \w  k(»pt  alive  and  in  comfort  for  many  years  by  the  intelligent 
use  of  .r-rays  or  radium  combined  with  proper  general  medical  treat- 
ment. 

Ahlerson  re])orts  a  case  of  Iltnlgkin's  disease  in  which  there  were 
two  large  ulcers  dbxlgkin's  disease*  of  the  skin)  which  healed  quickly 
when  irradiated. 

Irradiation  of  the  lymphatic  glands  demands  filtered  j"-rays  or  heavily 
screened  radium.    Technical  details  will  l)e  found  in  the  following 
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chapters:   Tubercultms  Adenitis,  General  Therapeutic  Considerations, 
Itadiuiii  Teflinic,  (■'ihered  A'-rav  Teclinic',  i'ractical  A'-ray  Technic. 
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CHAPTER  XXIX. 

DISEASES  SlTPaSEDLY  DUE  DIRECTLY  OR  INDIRECTLY 

TO  THE  TUBERCLE  BACILLUS.^ 

The  entities  that  will  be  discussed  in  this  chapter  are: 

1 .  Lupus  Vulgaris. 

2.  Lupus  Erythematosus. 

3.  Tuberculosis  Orificialis. 

4.  Tuberculosis  Verrucosa  Cutis. 

5.  Scrofuloderma. 

6.  Tuberculous  Adenitis. 

7.  Erythema  Induratum. 

8.  Sarcoid. 

Papulonecrotic  Tuberculide. 
Acnitis. 
Folliclis. 

Lichen  Scrofulosorum. 
Pernio. 

10.  Granuloma  Annulare. 


LUPUS  VULGARIS. 

With  the  exception  of  hypertrichosis  and  cancer,  lupus  vulgaris 
was  the  first  cutaneous  disease  to  be  treated  with  o'-ravs.  SchifT  is 
reported  to  have  cured  a  case  of  this  affection  as  early  as  1896.  The 
first  men  to  treat  this  disease  were:  In  Germany  and  Austria,  Schiff 
and  Freund,  Kiimmel,  Gocht,  Gassmann  and  Schenkel,  Hahn  and 
Albers-Schonberg;  in  England,  Scholefield,  Holland,  Hall-Edwards 
and  Startin;  in  France,  Belot,  Gaston,  Vieira  and  Nicolau,  Beclere  and 
Aug6;  in  the  United  States,  Jones,  Knox,  Greenleaf,  Pusey,  Allen  and 
Pfahler. 

Since  these  early  reports  the  literature  on  the  subject  has  become 
voluminous.  At  first  it  was  thought  that  a  specific  had  been  found 
for  the  disease.  A  larger  percentage  of  cases  were  cured  then  than 
now,  because  the  early  workers  did  not  hesitate  to  effect  a  severe 
radiodermatitis  in  order  to  eradicate  the  disease.  Later,  when  it 
was  found  that  the  sequelae  of  radiodermatitis  were  so  serious,  x-ray 
treatment  was  administered  in  a  more  conservative  manner  and  the 
effect  on  the  disease  was  less  spectacular. 

>  For  explanation  of  terms  used  in  this  chapter  to  express  dosage  see  Chapters  X 
and  XIX. 
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Today  there  is  a  difference  of  opinion  relative  tn  tbe  effifacj 
roentgen  therapy  in  lupuH  vulgaris.    This  differenee   of   opinion 
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oCcasionet]  partly  by  a  lack  of  appreciation  of  the  effect  of  .i-rays 
different  clinical  types  of  the  affection. 
There  are  ii  jrreat  many  adjectives  used  to  describe  the  many  v«i 
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tions  in  the  clinical  appearance  of  lupus  vulgaris.    For  convenience 
we  may  combine  these  many  clinical  varieties  into  the  following  types: 

1.  Atrophic  type. 

2.  Hypertrophic  type. 

3.  I'lcerative  type. 

4.  Multiple  disseminated  type. 

5.  Miscellaneous  t>Tpes. 

Atrophic  Lupus  Vulgaris.— In  this  type  the  skin  becomes  atrophic 
and  the  aflFected  area  is  studded  with  deep-seated,  pinhead  to  lentil- 
sized  nodules  of  a  yellowish-brown  color  (apple-jelly  nodules).  The 
nodules  may  project  above  the  niveau  of  the  skin  but,  as  a  rule,  the 
surface  of  the  affected  area  is  even  although  it  may  be  scaly.  The 
author  has  found  the  atrophic  type  of  lupus  \'ulgaris  exceedingly 
recalcitrant  to  both  x-rays  and  radium  and,  as  a  rule,  it  is  necessary, 
in  order  to  effect  a  cure,  to  support  such  treatment  with  tuberculin 
therap\'  or  to  remove  the  individual  nodules  by  the  method  advocated 
by  (t.  II.  Fox.  This  consists  of  digging  out  the  nodule  with  a  dental 
burr  and  cauterizing  the  wound  with  carbolic  acid  or  trichloracetic 
acid.    The  galvanocautery  may  also  be  used  for  this  purpose. 

In  early  cases,  when  the  lesions  are  small,  and  before  sclerosis  and 
fibrosis  have  occurred,  or  in  instances  where  the  nodules  are  larger 
and  nearer  the  surface,  the  results  of  roentgen  therapy  are  better. 
The  younger  the  lesion,  the  smaller  the  lesion,  and  the  greater  the 
rapidity  of  evolution,  the  greater  will  be  the  effect  of  the  x-ray  treat- 
ment. Such  eruptions  may  disappear  as  a  result  of  two  or  three 
intensive  treatments.  Older  eruptions  associated  with  atrophy  and 
deep-seated  nodules  have  resisted  a  year  or  two  of  intensive  treatment. 
Recurrences  are  common  after  clinical  cures. 

Hypertrophic  Lupus  Vulgaris.— Here  the  nodules  are  larger  (lentil 
to  split  pea),  project  above  the  surface  of  the  skin  and  are  coalesc»ed. 
The  coalesced  nodules  and  hyperplastic  skin  together  form  elevated, 
firm  but  not  hard,  brownish-red  plaques  and  tumors  of  various  sizes. 
Small  lesions  of  this  type  can  be  often  permanently  cured  with  one 
intensive  treatment.  Larger  and  older  lesions  are  more  stubborn,  but, 
as  a  rule,  this  type  of  lupus  vulgaris  yields  more  readily  than  does  the 
atrophic  type  of  the  disease,  and  recurrences  are  less  common. 

Ulcerative  Lupus  Vulgaris.— Ulceration  may  occur  in  either  the 
atrophic  or  the  hypertrophic  type.  I'lcers,  under  .r-ray  treatment, 
usually  heal  much  more  rapidly  than  the  neighboring  nodules  involute. 
The  results  of  roentgen  therapy  in  ulcerative  lupus  vulgaris  are  often 
si)ectacular,  especially  when  the  disease  involves  the  face  and  the  nasal 
and  buccal  mucosae.  Unfortunately  recurrences  are  common.  During 
treatment  the  ulcers  should  be  kept  clean  and  free  from  crusts,  and 
individual  nodules  destroyed  by  other  methods  of  treatment. 

Multiple  Disseminated  Lupus  Vulgaris.— The  individual  scattered 
nodules  of  this  type  have  undergone  rapid  involution  in  the  few  cases 
treated  in  the  author's  laboratories. 
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MiseelUneotis  TTpes.— The  serpigimms  type  of  lupus  vi 
very  rebellious  if  the  nodules  are  Hmall  and  deeply  embet 
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tnnirxluies  are  larger  and  more  superficial  tlie  iitfectinn  h  less  stiih- 
'"''■'i.    1/  ult-erated,  the  uleers  will  usually  ln.'nl  iimlcr  the  idfliieiice 
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'*^  earl.v  literature  contains  reports  of  good  results  ohtaiui^d  in 
*^  tumidus.  The  author  hws  treated  only  one  example  of  this  tj'pe. 
^*'  several  nwntlis  of  intensive  filtered  treatment  there  was  a  very 

*^«d  improvement  Imt  thi*  patient  was  nut  cured, 
^**«»pai'atiye  Value  of  RoentKes  Treatment.— Unentgen  therapy  has 

"■^placed  phototherapy  in  point  of  efficacy.     The  Fiiisen  treatment 
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litis  t;i\vn  Ix'tttT  rt>siilts  timii  Imve  thus  far  been  obtained  with  either 
j^rti\!i  or  RKliiiiii.    ForflmninuT,  in  a  statistical  report  based  on  1200 


Km,    nil.    ■I.ui'iii'   viiluiiris  inv,.tv[iiB  ihi'  ii;is.il   iiiunwa.   before  treatment.     It  wu 


uiisi'lected  oases  of  liipiis  viilgiiris  trcatctl  at  the  l-'inseii  I.ipUt  Insti- 
tute l)<.'twefn  ISSKi  and  llHKi,  gives  the  following  resnlts  of  the  treat- 
ment:   Cures,  (H)  i)er  eent.;  under  treatment,  IS  jwr  itnt.;  treatment 


(iirtcontiiuu'd,   11   JHT  (viit, 
(721)  :Wliar!  I.eni  fnr  fr. 


Fiu.  lfi4.^S],ii„  iN.ii.'i.i 
disease  uiid  pnnly  lu  r-i-a, 
with  the  ttaiD  givGu  iu  Chi 
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from  five  to  ten  years;  306  for  from  two  to  five  years;  and  93  for  less 
than  two  years.  In  a  further  study,  the  subjects  are  divided  into 
initial  cases  and  inveterate  cases.  In  the  initial  cases  76  per  cent, 
were  cured,  while  in  the  inveterate  cases  51  per  cent,  were  cured 
(Onnshy).  The  author  has  not  been  able  to  obtain  as  good  results 
with  rtHMitgen  therai)y  nor  has  he  encountered  roentgen  or  radium 
statistics  that  show  results  in  unselected  cases  of  lupus  vulgaris  that 
arc  the  equal  of  thost*  quoted  supra.  For  various  reasons  the  Finsen 
treatment  has  been  found  impracticable  in  this  country  and  sub- 
stitute methcMis  such  as  the  Kromayer  and  Alpine  lamp  treatment 
have,  in  most  hands,  proved  disappointing.  The  Finsen  treatment 
not  only  cures  a  high  i)ercentage  of  cases  but  it  does  so  without  pro- 
ducing injury  or  st^quehe. 

Small  lesions,  suitably  situated,  can  be  ablated  or  curetted  and 
cauterized.  Surgical  methcxls,  however,  are  necessarily  limited  to 
selected  castvs.  The  same  is  true  of  tuberculin  therapy,  refrigeration, 
fulguration  and  other  methcKls  of  treatment. 

It  is  i)robable  that  irradiation  may  in  ])oint  of  efficacy  be  placed 
st»c()n<l  to  phot()thcra])y.  It  will  certainly  cure  a  larger  proportion  of 
unsclccttMl  cas(»s  than  will  any  method  other  than  the  Finsen  treat- 
ment. 

Combined  Treatment.-  Irradiation  may  he  c^ombined  with  photo- 
thcra])y,  but  it  is  not  wise  to  ai)i)ly  ultraviolet  rays  and  x-rays  or 
ra<liuin  at  the  same  time.  The  two  methcnls  may  alternate  or  one 
nu'thod  may  follow  the  otlwT.  The  author  has  tried  this  scheme  in 
obstinate  cases  hut  tlu'  results  have  not  Invn  encouraging.  The  use 
of  tuberculin  an<l  Fox's  niethcwl  (s(»<»  suj^ra)  has  proved  of  distinct 
valut"  when  conil)in("d  with  irradiation,  esj)e('ially  in  the  atrophic 
typ<'.  It  is  of  the  utnujst  importance,  in  the  ulcerative  type,  to 
])rovi(le  drainage  and  to  ktrp  the  ulcers  <lean  and  free  from  crusts. 
A  very  small  aniomit  (jf  ultraviolet  rays  may  Ih»  advantageously 
('oinl)innl  with  irradiation  in  the  treatment  of  o\Hm  ulc»ers.  Refrig- 
eration and  caustic  and  irritating  ointments  are  contra-indicated 
during  irradiation. 

Lupus  Vulgaris,  X-rays  and  Cancer.  — St iimpke  encountered  two  cases 
of  lui)us  vulgaris  that  had  received  fractional  .r-ray  treatment  for 
many  months.  Kj)ithelioma  (IcvcIoixmI  in  the  scar  tissue  in  both 
patients.  Stumi)ke  calls  attention  to  the  fact  that  he  has  seen  150 
cases  of  luinis  vulgaris  and  he  never  noted  ei)ithelioma  in  any  case 
that  had  not  received  .r-ray  treatment.  The  two  patients  with 
e])ithelioma  also  showiMl  .r-ray  se(iuela\ 

MacLeod  reports  a  i)atient  with  lupus  vulgaris  who  i)re.sented 
both  ,r-ray  seciuela*  and  epithelioma.  (Gaucher  and  others  have  seen 
similar  cases.  The  author  has  seen  3  cases  where  epithelioma  de- 
vcIoikhI  in  a  scar  that  was  caused  partly  by  the  di.sease  and  partly 
by  a  severe  radi(Klennatitis. 

It  is  a  well-known  fact  that  epithelioma  occurs  as  a  secpiel  in  lupus 
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-ulgaris  that  has  iiiit  reifived  J-ray  treatment.  The  epithelioma  is 
alwai-^  of  the  muli^iant,  metustati<-.  prickh'-cell  tjiw.  Onnsby 
states  that  this  se<iiiel  (icciirs  in  frmii  2  to  4  jwr  cent,  of  the  cases. 
Lieberthal,  Zeisler.  Piisey,  .\nthiiiij-,  IIy<le  and  others  have  seen 
epitheliiimn  devehip  hs  a  se<]nel  to  lupus  \iilg«ris  in  patients  who  had 
not  rweived  j-ray  treatment. 

There  is  absolutely  no  prmif  that  irradiation  hicreases  the  natural 
(endeney  of  epithelioma  to  develop  as  a  sequel  to  lupus  ^ul^aris 
Unless  irradiation  has  lieen  pusheil  to  the  ]H)iiit  of  prcMlucinR  the 
s«-ciille(l  /-ra\-  skin.  -V-ray  setinehe  are  likel\'  to  be  the  forenumers 
of  cancer,  whether  such  sequela-  are  or  art>  not  ass»K-iated  with  hipus 
^■"iKaris,     1  )isregardinjr  the  cases  r)f  lupus  vulgaris  in  which  epithe- 


^     *^>a  develops  hi  an  j-ray  scfinela,  tlierc  is  no  evidence  in  the  litera- 
^        *?  to  show  that  epithelionut  as  a  sc(|ucl  to  hi])ns  vnl^caris  is  more 

^Imon  today  than  before  the  advcut  of  roentKen  tlicrapy, 
jj^t-upus  vulgaris  may  cause  cdiisiilerahle  disfifrurcinent.    Tlic  usual 
j^j^tieJa-  are  scars  and  atropliy.     It  not   infn-ijucnlly  hapiwns  that 
**diation  iit  blamed  for  these  s<'<|ut'la". 

^eehnic. — It  in  the  authttr's  cxjiiTiciiir  Ihai  intensive  «)r  siihintcn- 
"  *Ve  irradiation  Is  more  efticacious  m  lujius  vnlgaris  than  is  fractional 
^featment.  The  nnitiiie  is  to  aduiini-^tcr  almui  IIJ  S.  1).  unfiltered, 
^■^'erj-  four  weeks.  The  dose  will  vary  with  tlic  location  of  the  alfectiil 
?*"ea  and  the  age  of  the  patient.  The  ilcisc  will  range  from  11?.  S.  I).. 
^UchildKntoHlS.  1).  tollj^  S.  1>.  in  a<lults  and  ii^fi-d  indivi<iual.s. 
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While  the  disease  will  recover  more  quickly  if  the  dose  is  suffic*^^^^ 
to  eflFect  a  sharp  reaction  it  is  preferable  to  avoid  even  slight  reacti^^^^  .* 
In  many  cases  of  lupus  vulgaris  it  is  necessary  to  continue  the  t^^^J 
ment  over  several  months  and  if  each  treatment,  or  if  several  of 


treatments  result  in  even  a  first-degree  reaction,  the  ultimate  ^r^^^ 
come  may  be  serious  j'-ray  sequelae.    The  aim  should  be.  theref^^  ^^^' 
to  administer  each  month  as  much  as  the  skin  will  tolerate  witl:^^  ^'*^, 
visibly   reacting.     It   is  difficult  to  determine  just  how  long  *"■-* 


treatment  may  be  continued  without  serious  injury.     In  obstirm  ^^^^ 
cases  it  seems  advisable  to  limit  the  number  of  monthly  treatm^^^ 
to  from  eight  to  twelve.    This  amount  of  irradiation  is  likely 
pnxluce  visible  atrophy  but  no  sequela*  of  a  severe  nature, 
skin  should  l)e  carefully  inspected  at  each  treatment  for  evidence^ 
injury.     If  an  eruption  has  not  disappeared  after  this  amount 
treatment  it  is  advisable  to  discontinue  irr^iation  and  depend  up' 
other  methods  of  treatment.     Not  infrequently,  after  several  tre^ 
ments  the  eniption,  with  the  exception  of  a  few  nodules,  will  c 
appear.     It  is  un>\ise  to  depend  upcm  irradiation  to  cause  the  inv 
tion  of  these  remaining  nodules.    They  can  be  quickly  destroyed 
other  methods  of  treatment. 

While  the  principal  reason  for  avoiding  severe  a^-ray  reaction^^ 
to  lessen  the  danger  of  serious  sequelae  there  is  also  another  reas^ 
namely,    severe   toxic    symptoms.     Pusey    (quoted    by   White    m. 
Burns)  tells  of  a  j)atient  afflicted  with  widespread  lupus  vulga 
The  affected  areas  were  irradiated  until  a  reaction  developed.     X 
reaction  was  associated  with  alarming  systemic  symptoms,  simulat  i  n^ 
a  tuberculin  reaction.    This  occurred  on  three  occasions.     The  th. 
reaction  i)rove(l  fatal.    The  moral  is  to  use  suberythema  doses  ai 
not  to  treat  too  large  an  area  at  one  time. 

Filtration  is  often  indicated  in  this  affection.  Especially  is  t: 
true  when  the  disease  involves  the  mucosa  of  the  nose,  mouth  ei 
throat.     In  such  instances,  with  filtered  radiation,  the  lesions  of  "t: 

mucous  membranes  will  usually  disappear  under  the  influence     

radiation  applied  to  the  cutaneous  eruption  on  the  face.     Pfati^ 
and  the  author  have  reported  clinical  cures  accomplished   in  t: 
manner.     Whether  or  not  filtration  is  advisable  in  all  cases  of  lu 
vulgaris  is  an  open  question  — it  cannot  be  answered  at  the  pres^^^ 
writing. 

lesions  of  lupus  vulgaris  are  of  various  sizes  and  occur  in  mr*- 
parts  of  the  body.     The  method  of  handling  lesions  of  different  si^ 
shape  and  })()siti()n  will  be  found  in  the  chapter  on  General  Tht? 
peutic  Considerations.     It  is  advisable  not  to  shield  too  close  to 
lesion  as  the  (lis(*ase  is  likely  to  extend  beyond  the  visible  margin^ 

Radium.     A  rcNiew  of  the  work  done  by  Wickham  and  Degr^^ 
Simpson,  Newcoinet,  Finzi  and  others,  together  with  personal  ex]> 
ence,  shows  that  the  results  obtained  with  radium,  in  the  treatrc*. 
of  lupus  vul<^aris,  arc  about  the  same  as  those  associated  with  the 
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of  the  .r-rays.  The  l)est  results  have  followed  irradiation  of  a  strength 
that  caused  destruction  of  the  nodules  by  necrosis;  also  more  con- 
servative irradiation  combined  with  other  methods  of  treatment. 

In  some  small,  superficial  lesions  of  lupus  vulgaris  the  beta  rays 
have  seemed  more  efficacious  than  have  either  o^-rays  or  gamma  rays. 
The  **soft"  beta  rays  should  be  eliminated  by  a  screen  of  from  i^  to  ^ 
or  1  mm.  of  aluminium  or  its  filtration  equivalent  in  glass  or  other 
substance. 

Radium  is  especially  indicated  when  the  lesions  are  situated  in 
inaccessible  loc*at ions— nasal  and  buccal  cavities,  throat  and  con- 
junctiva*. 

LUPUS  ERYTHEMATOSUS. 

Schiff  and  Freund  were  probably  the  first  to  treat  lupus  erythema- 
tosus with  the  o'-rays  (1898).  Their  report  was  soon  followed  by  those 
of  many  roentgenologists  and  dermatologists— Sjogren  and  Seder- 
holm.  Startin,  Jutassy,  Lee,  Torok  and  Schein,  Beclere,  Belot,  Hall- 
Edwards,  Pusey  and  others. 

At  first  the  results  were  very  promising  and  were  superior  to  those 
obtained  today,  that  is,  the  immediate  results.  The  early  workers 
did  not  hesitate  to  produce  severe  reactions  and  the  immediate  thera- 
peutic effect  on  the  disease  was  often  very  strking.  Later,  when  it 
was  ascertained  that  the  brilliant  result  was  but  temporary  and  that 
very  undesirable  sequelae  often  followed  radiodermatitis,  the  treatment 
was  applied  more  cautiously  and  the  effect  on  the  disease  was  less 
si)ectacular. 

A  review  of  the  literature  for  the  last  fourteen  vears  shows  that 
the  j--rays  have  been  used  less  and  less  in  the  treatment  of  the  disease. 
Zeisler,  Clark,  Schmidt,  Hartzell,  Montgomery,  Winfield  and  many 
others  record  good  temporary  results  without  the  production  of  radio- 
dermatitis.  Fordyce,  Robinson,  Bronson  and  others  reported  cases 
that  were  made  worse,  or  failed  to  improve,  or  improved  but  little, 
as  a  result  of  the  treatment. 

Value  of  Roentgen  Therapy.— The  consensus  of  opinion  today  among 
dermatologists  is  that  roentgen  therapy  is  of  little  real  value  in  the 
treatment  of  lupus  erythematosus.  Its  value  is  certainly  less  than 
that  of  ultraviolet-ray  therapy,  refrigeration  and  other  methods. 
Nevertheless,  the  j--rays,  if  properly  used  in  well-selected  cases,  will 
occasionally  cause  involution  of  lesions  that  have  resisted  other 
methods  of  treatment. 

Types  of  Lupus  Erythematosus.— It  is  important  for  the  roentgen- 
ologist to  know  that  lupus  erythematosus  occurs  in  two  general 
types— discoid  or  chronic,  and  disseminated  or  acute.  It  is  well  to 
remember,  also,  that  the  course  of  the  affection  is  very  uncertain. 
Discoid  lesions  are  likely  to  persist  for  many  years  or  they  may 
undergo  spontaneous  involution  only  to  recur  subsequently.  The  dis- 
seminate type  often  disappears  spontaneously  or  as  a  result  of  local 
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applications  in  a  few  weeks  or  moiitliH,  Itareiy  it  persists  ftiul  spreads 
and  the  patient  dies  of  tuberculosis;  more  often  uf  nephritis  and 
asthenia  (Jadassohn). 

Technic— For  the  disseminate  type,  e-'<]>eeiaily  when  associated 
with  acute  inflammatory  sjTnptoms,  the  treatment  slinuld  he  frac- 
tional or  subfractional.  The  discoid  lesions  maj'  be  given  subinten- 
sive  treatment.     It  is  advisable  to  avoid  even  a  first  degree  reaetisg 


Fin.  167. — Same  paljpnt  shoi 


if  possible.  A  mild  j^-ray  reaction  is  likely  to  cause  the  disease  to 
spread  and  may  add  to  the  atrophy  and  telangiectasis  occasioned  by 
the  affection.  It  is  well  to  rememlier  that  while  the  T-rays  may  <.'ause 
involution  of  a  lesion  of  hipus  erythematosus  they  exert  little  if  any 
effect  on  the  future  course  of  the  disease.  I'ViP  this  reason  it  is  not 
justifiable  to  push  the  treatment  to  the  point  of  visible  cutaneous. 
injury.     Purtliermore,  it  is  not  advisable  to  persist  in  the  roentgen 
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treatment  of  a  stubborn  lesion.  If  the  lesion  does  not  disappear  as  a 
result  of  three  or  four  months  of  fractional  or  subintensive  treatment, 
experience  has  shown  that  it  will  not  be  favorably  influenced  by  a 
continuation  of  such  treatment. 

The  nose  is  a  favorite  site  for  lesions  of  this  disease.  Details  rela- 
tive to  the  method  of  applying  a:-rays  to  the  nose  and  to  convex  and 
concave  surfaces,  to  lesions  of  various  sizes  and  shapes,  to  lesions  on 
the  eyelids  and  other  locations,  etc.,  will  be  found  in  the  chapter  on 
General  Therapeutic  Considerations. 

There  is  a  difference  of  opinion  relative  to  the  advisability  of  con- 
fining the  radiation  strictly  to  the  lesion  or  to  include  a  small  area 
of  normal  skin  around  the  lesion  in  the  field  of  radiation.  With  doses 
sufficient  to  effect  a  first-degree  reaction  the  author  has  seen  peripheral 
spreading  of  the  lesion  when  the  radiation  has  been  confined  to  the 
lesion  and,  also,  when  the  normal  skin  adjacent  to  the  lesion  has 
been  irradiated.  While  a  first-degree  reaction  will  often  have  a  bene- 
ficial effect  on  discoid  lesions  the  converse  is  also  true.  Quantities 
that  do  not  effect  a  reaction  rarely  if  ever  make  the  lesion  worse, 
although  such  treatment  may  accomplish  little  if  any  good.  Scalp 
lesions  may  be  treated  with  a  full  epilating  dose  (Hi  or  Hli  S.  I).). 
For  details  relative  to  the  treatment  of  scalp  lesions  see  chapter  on 
Psoriasis  and  chapter  on  Tinea  Tonsurans. 

Comparative  experiments  with  filtered  and  unfiltered  radiation  have 
yielded  similar  results.  Apparently  there  is  nothing  to  be  gained  by 
filtration  in  the  roentgen  treatment  of  this  disease. 

Sequels.— Lupus  erythematosus  causes  atrophy,  wrinkling,  tel- 
angiectasia and  pehnanent  alopecia.  The  picture  at  times  is  sug- 
gestive of  J'-ray  sequelae.  In  cases  that  have  received  roentgen-ray 
treatment  it  is  often  impossible  to  decide  how  much  of  the  disfigure- 
ment is  due  to  the  disease  and  how  much  is  due  to  the  treatment. 
Epithelioma  occurring  in  patches  of  lupus  er^lhematosus  or  in  the 
atrophic  skin  following  involution  of  lesions,  in  cases  that  have  not 
been  irradiated,  have  been  reported  by  Pringle,  Dyer,  the  author  and 
others. 

Combined  Treatment.— When  applying  radiation  to  acute  lupus  ery- 
thematosus it  is  advantageous  to  also  apply  such  soothing  reme<lies 
as  zinc  oxide  ointment  and  calamine  lotion.  In  the  chronic  tN-pe, 
when  stimulating  and  caustic  remedies  (resorcin,  lotio  alba,  liquor 
potassse,  etc.)  are  indicated,  it  is  advisable  not  to  combine  the  use 
of  such  remedies  with  irradiation  unless  the  x-ray  dose  is  very  small. 
Ultraviolet  rays  and  especially  refrigeration  should  not  be  used  during 
x-ray  treatment. 

Radium.— The  results  obtained  with  the  beta  rays  of  radium  are 
better  than  those  obtained  with  either  x-rays  or  gamma  rays.  Unfor- 
tunately, however,  the  difference  is  not  great. 

Wickham  and  Degrais,  with  unfiltered  beta  radiation  sufficient  in 
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iiinoniit  tn  ]>r(tvok(*  w  slinrj)  reaction,  liavo  ohtaiiUHl  ^xxl  temporary 
H'Milts  in  tlu'  tliscoiil  tv|H*.  Tlu'v  advisi*  sliar)>  hiit  not  severe  reac- 
tions nn<l  also  tliat  thr  skin  in  the  innneiliate  neigl)l)orh(Hxl  of  the 
lesion  he  inchideil  in  the  treatment.  Sini])son,  Knox,  Newc*omet 
and  (Others  ha\t'  lesiilie<l  to  tiie  favorahle  results  sometimes  obtainefl 
with  radium  in  lupus  enthematosus. 

As  a  result  t»f  comparative  I'linical  ex|HTimentation  with  j'-rays  and 
radium  in  this  diseas^\  the  author  ftvls  s^ife  in  saying  that  radium  is 
the  hetter  a^'cni.  There  is  no  apparent  ditTeriMice  in  the  effect  on  the 
tii^caNe  of  .r-ra\s  and  i;amma  ravs,  hut  there  is  a  difference  with 
heia  ra\s.  e>peMall\  tht>st*  of  "st»ft"  and  "nuHliiim'*  quality.  The 
hesi  results  ha\e  hiH'u  ohtaiuini  \Yith  an  unfiltertnl  applicator  or  with 
\er\  sli^hi  tiliration  viH|uivaleni  of  ,\,  mm.  AD,  de})ending  upon  the 
thicknos  of  the  epidermis.  If  the  horny  layer  is  very  thick  it  is 
ad\isal»lc  to  n»mo\e  it  In  means  of  a  stmp  jHrnltite  i^maceration) 
before  appl\  itJi:  the  ra\s. 

V\\v  ciVci i  on  the  disease  is  irreatest  when  the  dose  is  sufficient  to 
produce  a  >\\\\v\^  rc;utioti.  A  reaction  resulting  fri>m  "si>ft"  lieta 
ra\N.  r\cji  when  M'\erc.  heal>  quickly  and  is  far  less  likely  to  l>e  fol- 
low in  I  1\\  tclaniiicciaNia.  airophx  and  keratoses  than  are  reactions 
NubM^i-.ic"  !  ti^  ,»pplii  aiii»r.N  oi  .r-ra\  s  or  camma  rays.  But  re^nllescs 
o!  ic/:':!  v.ui:  \  wIm^  of  hipu^  cr>  thcmatoMis  fail  to  impn>ve  under 
!-.jii.:!:\  'r\\\\\\w\'\  I:  i^  :ui\  is.d^Ic  to  attempt  the  desiretl  result  with 
*:i»^v-  ::•.:.:  .irv  \\\\vv  :r'c  ainov.r.t  ri\|i:iri'«l  tor  a  reaction.  leaving  the 
-*■.*■.  ■  :.v"  .'..'-^c*  •.»■•■  V  ■— .  ■■•■.  "i-^ii'V^  ::^i!  ri'^i^t  a!!  ti.nn^of  treatment. 
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r/tf.    ^'iihlt;  lesions  are  cdnsideralile.    Tliis  question  is  liiscussccl  in  the 
'"fr  on  Riidiiim  Tediitic. 
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TUBERCULOSIS  VERRUCOSA  CUTIS. 

True  examples  iif  tuberculosis  verrueosa  cutis  are  likely  to  be 
fi)Uii<1  recalcitrant  to  both  j"-rays  and  radium.  The  author  has  cured 
a  inimlKT  of  cases  of  verruca  iiecrugenica  with  one  intensive  j-ray 
treatment.  Such  favorable  results  "are  not  often  obtained,  however, 
ill  wellHievelopeil  verruc<uis  tul)ercu)osis.  The  result  will  depend 
largely'  upon  the  extent  of  the  invoh-ed  surface  and  the  thickpess  of 
the  ej>idermis,  especially  the  horny  layer.  All  cases  so  far  treated 
by  the  autlmr  lia\e  been  cured  in  from  three  to  eight  intensive  treat- 
ments. If  the  h\ perkeratosis  is  considerable  the  lesion  is  closely 
shielded  aiul  a  dose  of  filtered  J--rays  (HIJ  S.  D.)  is  atlministered. 
The  hiile  in  the  lead  shield  is  then  enlargetl  so  that  a  half  inch  of 
niirnial  skin  around  the  legion  is  included  in  the  field  of  radiation. 


Another  dose  of  siniilar  amount  is  applied.  The  lesion  will  have 
received  a  dose  of  H2J  while  the  ajiparently  normal  skin  will  have 
rcirivnl  half  the  amount,  thus  the  normal  skin  will  not  be  injuretl. 
In  siinie  in.stames  it  is  |K'nnissil>!c  to  administer  as  nuich  as  IIH  S.  I>. 
or  even  114  S.  I>.  filtered  through  'A  mm.  of  aluminium  to  the  lesion 
it.sclf.  The  dose  will  depend  upon  the  thickness  of  the  liorny  layer. 
In  any  event  it  is  advisable  not  to  give  more  than  ]{'2\  at  the  first 
sitting.  The  treatments  are  given  as  a  routine  at  intervals  of  one 
month. 

A  quick  method  of  curing  tins  affection  is  to  remove  the  bulk  of  the 
diseased  tissue  l»y  means  of  the  curette  and  then  ai)])ly  an  intensive 
dose  of  nnfiltcrcd  J--rays.  The  objection  to  such  procedure  is  that  the 
tubercle  bacilli  may  finil  entrance  into  the  general  circulation  at 
the  time  of  the  curettage. 


SCROFULODERMA  459 

There  are  few  references  in  the  literature  dealing  with  the  use  of 
radium  in  this  affection,  and  there  has  been  no  personal  experience. 
Simpson,  Wickham  and  Degrais  and  a  few  others  have  obtained 
good  results.  There  is  no  reason  why  radium  should  not  have  exactly 
the  same  effect  as  the  a^-rays.  In  using  radium  the  beta  rays  should 
be  eliminated  by  suitable  filtration. 

SCROFULODERMA. 

The  term  scrofuloderma  implies  ulceration  of  the  skin  and  sub- 
cutaneous tissues  associated  with  underlying,  suppurating  tubercu- 
lous glands,  tuberculous  osteomyelitis,  or  other  deep-seated  tuberculous 
foci.  F'or  convenience  we  can  also  include  superficial  tuberculous 
ulcers  that  do  not  fit  into  any  clinical  entity  and  which  are  often 
spoken  of  as  ulcerative  tuberculosis  cutis.  As  a  rule,  these  superficial 
ulcers  heal  rather  promptly  when  irradiated;  occasionally  they  are 
recalcitrant. 

Ulcers  and  sinuses  associated  with  underlying  tuberculous  foci 
often  respond  wonderfully  well  to  irradiation,  especially  if  the  treat- 
ment is  directed  at  the  deep  foci  (filtered  radiation)  and  good  drainage 
is  established.  The  results  in  such  cases  have  been  among  the  most 
noteworthy  achievements  of  roentgen  therapy.  The  authi>r  has  seen 
remarkable  clinical  cures  in  cases  of  suppurating  tuberculous  adeni- 
tis and  tuberculous  osteomyelitis  with  involvement  of  the  underlying 
tissues  and  in  the  so-called  scrofulous  gumma  after  the  contents  of 
the  abscess  have  been  evacuated.  Furthermore  the  percentage  of 
recurrences  has  been  small.  In  such  affections  it  is  advisable  to 
prescribe  internal  medication,  diet,  hygiene  and  in  many  instances 
surgical  aid  may  be  required. 

The  principal  technical  requirement  is  to  apply  lethal  doses  to 
the  deep  foci  without  injury  to  the  overlying  tissue.  This  is  done 
by  distance,  filtration  and  cross-fire,  technical  questions  that  are  dis- 
cussed in  detail  in  the  chapters  on  Radium  Technic,  Filtered  Roentgen- 
ray  Technic  and  General  Therapeutic  Considerations.  Useful  and 
practical  points  will  also  be  found  in  this  chapter  under  the  heading 
of  Tuberculous  Adenitis. 

Intensive  irradiation  at  monthly  intervals  is  indicated;  cross-fire 
treatment  should  be  given  whenever  possible;  radium  and  j-rays 
appear  to  give  the  same  results. 

Bowen,  Ratera,  Xadler,  Denks  and  others  report  very  interesting 
examples  of  scrofuloderma  associated  with  tuberculous  adenitis, 
that  were  cured  with  j'-rays.  Denks*s  report  includes  scrofuloderma 
associated  with  various  types  of  surgical  tuberculosis.  Of  323  cases 
there  were  43  fungoid  lesions  connected  with  the  large  articulations. 
Of  these,  35  per  cent,  were  clinically  cured,  25  per  cent,  improved, 
15  per  cent,  did  not  improve  and  25  per  cent,  failed  to  continue  the 
treatment.    There  were  101  cases  associated  with  tuberculous  adeni- 
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tis  of  which  82  were  cured.  I^esions  connected  with  small  articula- 
tions showeil  a  jxTcvntaj^e  of  cures  of  .S4.  There  were  67  cases  of 
larj^e  fistula',  half  of  which  were  cured  and  54  small  fistulsp,  iH)  per 
cent,  of  which  were  curwl.  Williams  was  one  of  the  first  to  recog- 
nize the  value  of  roentjjen  therapy  in  scrofuloderma  and  tuberculous 
adenitis. 

TUBERCULOUS  ADENITIS. 

TuIktcuIous  adenitis  is  not  a  dermatosis.  The  aflfection  is  of 
interest  to  the  dermatologist  because  it  is  associated  with  the  x'arious 
tuln^rculous  affections  of  the  skin.  Also  because  of  the  disfiguring 
s<'ars  often  cause<l  by  the  disi»ase  and  by  the  treatment,  especially  in 
tul)erculous  adenitis  of  the  cervical  region. 

KcxMitKcn  therapy  has  given  excellent  results  in  this  affection.  The 
author's  experience  is  limited  to  the  treatment  of  thirty  cases  of 
(XTvical  tulKTculous  adenitis.  Twelve  cases  were  clinically  cured. 
In  three  patients  the  jrlands  remained  the  same  size  but  a  roentgen- 
ogram showed  them  to  be  calcific  1.  In  ten  erases  the  glands  were 
rwluced  in  size  but  they  could  Ix*  palpated  and  were  not  c*alcified. 
Five  patients  failed  to  remain  under  treatment.  The  cured  (*ases 
were  children  or  a<lolescents. 

Tuberculous  adenitis  together  with  scrofuloderma  was  one  of  the 
first  aflections  to  be  treated  successfully  with  the  T-ravs,  the  earliest 
reports  having  Ihh.mi  ma<le  in  this  country  (Williams,  Childs,  Rodman 
and  Pfahl(T,  N'arncy  and  Puseyj.  In  recent  years  the  literature  on 
this  subject  has  become  voluminous.  (Jood  articles,  many  of  which 
contain  excellent  illustrations  and  careful  technical  descriptions,  have 
l)een  published  by  Hoggs,  Weil,  Feldstein,  Leonard,  Knox,  Strunsky, 
Fritsch,  Mowat  and  many  others. 

Tuberculous  adenitis  is  a  surgical  afl'ection  and,  also,  it  is  one  that 
recjuires  general  medical  sui>ervision.  Therefore  it  is  advisable  that 
the  roentgenologist  work  in  collaboration  with  surgeons,  internists, 
pediatricians,  laryngologists,  etc.,  when  attempting  to  select  cases 
for  roentgenization.  The  results  of  roentgen  therapy  have  l)een  so 
good  that,  if  there  is  no  contra-iiKlication  to  such  treatment  in  the 
minds  of  internists  or  surgeons,  the  .r-rays  or  gamma  rays,  along 
with  general  meclical  measures,  should  Ik*  given  a  trial  in  order  to 
avoid  the  scarring  and  shock  associate<l  with  surgical  intervention. 

Uoi'ntgen  therapy  is  not  an  unmixed  blessing,  however.  Surgeons 
aver  that,  in  cases  that  come  to  o|x*ration  after  considerable  irradi- 
ation, they  find  it  difficult  to  i)erform  a  satisfactory  o])erati(m  on 
account  of  the  sclerotic  tissue.  If  this  is  true  it  is  fortunate  that 
very  few  such  patients  find  it  necessary  to  submit  to  the  knife, 
r'urthermore,  it  is  not  necessary  to  push  the  treatment  to  the  ix)int 
of  sclerosis  of  normal  tissue.  A  more  important  point  is  the  possi- 
bility of  undesirable  .r-ray  or  radium  sequehe,  a  question  that  will  l)e 
considereil  later. 
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""hile  there  are  no  available  comparative  statistics  it  seems  to  be 
^  prevailing  opinion  among  internists  and  roentgenologifits  that 
^iSiliation  together  with  general  medical  treatment  is  more  suctess- 
'''  in  a  majority  of  cases  than  is  surgery,  in  point  of  clinical  cure, 
Wmanent  cure,  discomfort  and  disfigurement.     Men  who  hold  this 


i^^nion  consider  that  surgerj-  should  be  limited  to  complicating  factors 
■'*"o  as  tuberculous  tonsils  and  necrotic  glands.  The  author  is  of 
'^  «~»pimon  that  the  selection  of  the  case  should  be  left  to  the  surgeon 


^^  inteniist  after  consultation  with  a  roentgenologist  ami,  perhaps, 
other  specialists.  ('ertainl\*  there  are  instances  where  surgery  is 
indieated,  cases  where  surgical  intervention  is  imjierative  mid  eases 
''"here  surgerj'  will  give  better  results  than  will  irnuliiition.  It  is 
^Mstionabie  if  the  roentgenologist  should  be  tlic  judge. 
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(if  this  uncommon  affection.  Daricr  reports  good  results  with  3--ray3, 
his  first  report  having  l>een  made  in  1904.  H.  Fox  failed  to  cure  an 
extensile  case  of  sarcoid  with  ,r-rays  in  which  there  were  numerous 
large  and  rather  deep-seatef!  nodules.  There  was  some  improve- 
ment l)ut  it  was  necessarj-  to  resort  to  other  methods  of  treatment  iii 
order  to  effect  a  cure.  The  failure  may  have  been  due  to  the  fact  ' 
that  the  individual  doscM  were  too  small  and  also  because  unfiltered  ' 
radiation  was  eraployed.  Zeislcr  treated  a  generalized  eruption  of 
Boeck's  sarcoid  with  both  .r-rays  and  railiiuii.  The  result  was  slight 
involution  of  the  lesions. 


trealment.     Odd  k'sion  on  Ihc  temporal  176.     Tlie  IcsionB  "on    I  be    forehead  end 

rofinii      Ijhs      iilrQHdy      been     In-nlcrl.  thone  on    the    cheek    wrn.'    Ifaled    with 

Alrophir  rcniHinf  of  ihis  k-aion  enn  W  T-rnya.    TTie  leaioiis  on  the  eyelids  Kod 

seen.  nose  and  in    Ihc   eyebrow    were  tr«4t«d    ' 

with    rndiuu.     There   is   pennnnent  loas 
of  hiiir  in  eonic  imrts  nf  the  cybrow.  ' 

Boeck's  sarcoid  occurs  in  two  general  clinical  t,\^Jes.  In  one  type  ' 
the  lesions  consist  of  rather  superficial  plaques.  In  the  other  type 
the  lesions  consist  of  various-sized  nodules  situate*!  deep  in  the  true 
skin.  Gooil  results  may  be  obtained  in  the  su]>erfieial  cases  with 
unfiitered  r-rnys  or  with  ]H'netratiuK  beta  rays.  The  deeper  and 
larger  lesions  should  be  treated  with  filtered  J-ra,\-s  or  gaumia  rays. 
The  same  is  true  of  tlie  subcutaneous  sarcoid  of  Darier-Roussy  and 
allied  conditions  such  as  tuberculosis  of  the  hypoderm  descrilied  by 
Wende. 
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The  dose  is  iiiterinive  or  subiiitensive,  administeretl  about  once  a 
month. 

Sarcoid,  especially  Bwck's  tjpe,  shows  a  pre«lilection  for  the  face. 
In  this  location,  especially,  it  is  advisable  not  to  effect  an  erythema. 
The  di.sease  itself  is  likely  to  be  followed  by  atrophy  and  the  dis- 
figurement will  be  worse  if  telangiectasia  and  additional  atrophy  is 
occasioned  bj'  the  treatment.  It  is  preferable,  therefore,  to  admin- 
ister several  suberythema  doses  rather  than  to  attempt  a  cure  in 
one  treatment. 

THE  TXJBEBCULIDES. 

Ormsby  has  found  j--rays  of  service  in  papulo-necrotic  tuberculi<le. 
Knowles  and  Ketron  treated  cases  of  acnitis  with  ,r-rajs  ari<l  noted 
involution  of  the  eruption.  Bronson  obtaine<l  a  similar  result  in  u 
case  of  fulliclis. 

The  tuberciilide.s  are  widespread,  evanescent,  recurring  eruptions. 
Recurrences  cannot  or  at  least  have  not  been  prevented  b\'  roentgen 
therapy.  The  natural  c-ourse  of  the  eruption  apparently  can  be  short- 
ened by  the  administration  of  fractional,  unfiltered  treatment. 


IJchen  Scn>fulosoT)mL~ln  recent  ye&m  this  affection  ha.s  been 
removed  from  the  tuberculides  and  placed  among  the  cutaneous 
tuberculoses.  The  author  has  treafetl  two  cases  of  this  affection 
with  fractional,  unfiltered  radiation.  In  both  instances  the  erup- 
tion disap])eared  after  irradiation  had  been  continued  for  four  months. 
The  involution  of  the  eruption  may  have  l>een  spontaneous  or  it  may 
have  been  due  to  improved  general  hygiene.  The  disease  in  both 
liaticnts  had  been  ])resent  for  several  months  before  .r-ra>-  treatment 
was  instituted.     Xo  topical  applications  were  made. 

Pernio.— The  pernio  of  supposed  tulHTcnhms  origin  may  at  times 
Ih"  benefited  by  fractional  freatnicnt.  esjK'cially  when  there  is  ulcera- 
tion.    I'ujinami  has  found  such  treatment  useful  in  frost-bite  pernio. 

GRANULOMA  ANNULARE. 

Tlicre  is' no  precedent  for  placing  grainiliima  aninilare  in  the  tuber- 
culosis group.     It  is  (liscus.-;cd  in  this  group  partly  for  wmvenient.'c 
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and  partly  l)ecause  many  dermatologists  consider  the  disease  to  be 
more  or  less  intimately  connected  with  tuberculosis. 

The  author  has  found  the  j*-rays  to  be  particularly  efficacious  in 
the  treatment  of  granuloma  annulare.  Four  cases  of  this  rare  disease 
were  treated.  In  no  instance  was  it  necessary  to  give  more  than  two 
intensive  treatments  and  usually  the  lesions  involuted  subsequent 
to  a  single  application  of  the  radiation.  The  lesions  are  shielded 
closely,  and  each  lesion  is  given  an  intensive  dose.  If  involution  is 
not  complete  in  a  month  a  second  application  is  made.  Papules 
and  small  nodules  are  treated  with  unfiltered  radiation;  large  nodules 
are  treated  with  filtered  radiation.  The  lesions  do  not  recur  but 
new  ones  develop. 

Hartzell,  White,  Ormsby,  (Joldenberg  and  Chargin  and  others  have 
reported  good  results  with  j?-rays.  Apparently  no  cases  have  been 
treated  with  radium  but  it  can  be  taken  for  granted  that  both  agents 
will  have  the  same  effect. 

It  will  be  interesting  to  observe  the  effect  of  irradiation  on  ery- 
thema elevatum  diutinum,  a  disease  that  Hartzell  and  others  believe 
is  but  a  clinical  variety  of  granuloma  animlare. 
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CHAPTER  XXX. 
VERRUCOUS  LESIONS  AND  ERUPl^IONS.^ 

The  following  entities  will  be  discussed  in  this  chapter: 

1 .  Verruca  Vulgaris.  6.  Leukoplakia. 

2.  Miscellaneous  Types  of  Ver-       7.  Kraurosis  Vulvae. 

ruca  and  Papilloma.  8.  KeratosisFollicularis  (I)arier's 

3.  Cornu.  Disease). 

4.  Callositas  (Verruca  Plantaris).  9.  Xeroderma  Pigmentosum. 

5.  Keratosis.  10.  Acanthosis  Nigricans. 

VERRUCA  VULGARIS. 

The  author  has  had  such  splendid  success  with  the  roentgen-ray 
treatment  of  common  warts  that  there  is  no  hesitancy  in  advising 
such  treatment  as  the  method  of  election.  A  total  of  128  cases  was 
treated,  most  of  which  had  multiple  lesions.  Of  this  number  the 
result  in  40  is  unknown.  Of  the  remaining  88  cases,  74  were  cured, 
mostly  as  the  result  of  one  or  two  treatments.  There  was  improve- 
ment in  6  cases  and  no  improvement  in  8  cases.  Twenty-six  were 
cured  in  one  treatment.  There  were  no  recurrences.  It  is  difficult 
to  understand  the  8  failures.  In  running  over  the  history  cards  it 
was  found  that  location  did  not  seem  to  make  any  difference.  The 
lesions  varied  in  size,  but  at  times  large  lesions  involuted  promptly 
while  small  ones  failed  to  be  benefited.  The  fact  is  that  there  are 
some  common  warts  that  will  not  undergo  involution  under  the 
influence  of  the  a'-rays.  If  a  lesion  has  not  disappeared  after  three 
or  four  intensive  or  hyper  intensive  doses  at  monthly  intervals,  it  is 
unwise  to  persist  in  the  treatment.  If  the  treatment  is  continued 
beyond  this  point,  a  third-degree  radiodermatitis  may  develop  insid- 
ious!^', under  the  wart.  This  is  an  important  fact  and  should  be 
borne  in  mind. 

The  advantages  of  irradiation  are:  no  danger  of  infection;  prompt- 
ness and  permanence  of  cure;  absence  of  pain  and  scarring;  rapidity 
and  facility  of  the  treatment. 

The  lesion  usually  disappears  in  about  three  weeks  subsequent  to 
the  first  treatment.  It  may  improve  considerably  in  the  second 
and  third  weeks  ^nd  regain  its  original  size  in  the  fourth  week.  If  so, 
it  usually  disappears  three  weeks  subsequent  to  the  second  treat- 

*  For  explanation  of  terms  used  in  this  chapter  to  express  dosiige  sec  Chapters  X 
and  XIX. 
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ment.  Rarely,  irruiliatiim  of  one  wart  in  ii  cjise  whept'  lli« 
multiple  lesions  seattered  uver  both  lianils,  umy  I>e  ftillowed  I 
disappearanoo  of  hII  warts  <in  une  or  fveu  on  both  hands.     I'henoi 


Fig.  182. — Vprruca  vulgftria  U-fi 
Irestmenl.  Note  that  the  \ai\oa  < 
tr^tido  uekJpT' ttu*  aide  iif  the  (infcrr-ria 


S:i.— Same  MS  Fir.  IH2,  atierl 
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^fthis  kind  have  been  noted  by  Delbanco,  Halberstaedter,  the  author 
«*nrf  others. 

iWthes  (1901)  and  Sjogren  and  Sederhohn  (190.3)  were  the  first 

^0  call  attention  to  the  value  of  roentgenization  as  a  treatment  for 

^*e  common  wart.    Since  then  most  roentgenologists  have  obtained 

^'^tisfactorj'  results.     A  few  (H.  Fox  and  others)  have  not  found 

"radiation  efTective  and  prefer  other  methods. 

Technic.— The  common  wart  is  composed  of  a  very  thick  rete 

(ftc-anthosis)  and,  as  a  rule,  there  is  considerable  thickening  of  the 

^<>rny  layer  (hyperkeratosis).     For  these  reasons  it  is  i)ermissible  to 

^Pply  a  larger  dose   than  would   be  tolerated  by  the  normal  skin 

2^  *thout  a  sharp  reaction.     It  is  essential  that  the  normal  skin  around 

-|1\^  wart  be  protected  with  lead  foil  to  the  very  edge  of  the  lesion. 

^,*^e  first  dose  should  be  Hi   S.  1).  unfiltered.     In  manv  instances 

■*is  amount  A^ill  suffice  to  effect  a  permanent  cure,  the  wart  dis- 

•  r^pearing  in  three  or  four  weeks.     If  the  lesion,  instead  of  disap]3ear- 

*^^»  is  considerably  reduced  in  size  as  a  result  of  the  first  treatment, 

^t>ther  dose  of  the  same  size  is  administered  four  weeks  subsequent 

^^  the  first  application.     If  the  lesion,  as  a  result  of  the  first  treat- 

^*^^nt,  has  not  become  smaller,  and  there  has  been  no  reaction,  the 

V^^^'ond  dose  may  be  increased  to  IIlJ  or  II  1§  S.  I).     In  large  warts  it 

^^  I^)ssible  to  give  as  much  as  112  S.  I).,  unfiltered,  without  eflfecting 

*^  ^action. 

I    't    is  advisable  here  to  interject  an  important  warning.     If  the 

^/^/^  is  sufficiently  large  there  will,  of  course,  \ye  a  reaction.     But 

,^*^    reaction  is  not  noticed  as  an  erythema.    The  wart  becomes 

l^^sitive  to  the  touch  and  perhaps  a  little  larger,  the  increase  in  size 

^^iig  due  largely  to  the  inflammation  of  the  true  skin.     At  times 

,^"5^ence  of  inflammation  may  be  noted  in  the  skin  around  the  lesion, 

"  r^*t\  that  was  not  in  the  fiekl  of  radiation.     It  is  important  to  bear 

^^He  facts  in  mind,  otherwise  a  reacti(m  might  be  overlooked,  a  second 

J^t^lication  might  then  be  made  before  the  reaction  had  disap])cared, 

I  *t:li  the  possibility  of  a  third-degree   radiodermatitis.     If  the  cvi- 

^^iK^es  of  reaction  as  above  outlined  are  manifest,  the  next  treat- 

V^ut  should  not  be  given  for  at  least  two  weeks  subsequent  to  sub- 

^^^lence  of  the  reaction.     Some  warts  are  vcrv  vascuhir  an<l  react  to 

^^^tuparatively  mikl  doses.    This  fact,  together  with  the  fact  that 

^*>e  thickness  of  the  horny  layer  and  epidennis  varies  in  ditt'erent 

y^'arts,  constitutes  the  basis  for  the  conservative  first  dose,  namelv, 

li  1  S.  1).        - 

In  cases  of  multiple  verruca*,  ^^ith  numerous  k'sions  scattered 
^^ver  the  hands  or  other  parts,  it  is  too  much  of  an  undertaking  to 
treat  each  lesion  separately.  If  there  are  only  a  few  warts  on  a 
^airly  level  surface  it  requires  only  a  few  minutes  to  cut  a  hole  for 
^ach  wart  in  a  piece  of  lead.  The  whole  aftected  area  may  then  be 
Exposed  to  the  routine  dose.  l^»sions  that  are  not  on  a  level  surface 
must,  of  course,  be  separately  exposed.     If  the  lesions  are  too  nnnier- 
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ous  for  the  methcxl  just  outlined,  the  entire  surface,  lesions  and  nonnal 
skin  may  l)e  given  a  suberythema  dose  (HJ  S.  I).)  and  this  may  he 
repeated  each  month  for  three  or  four  treatments  if  necessary.  In 
cases  of  this  kind  it  is  a  good  plan  to  apply  a  thick  zinc  or  bismuth 
paste  to  the  normal  skin  between  the  lesions. 

A  rather  favorite  location  for  the  common  wart  is  at  the  edge  of 
a  finger-nail.  It  often  extends  under  the  nail.  In  such  instances  it 
is  advisable  to  cut  the  nail  until  the  verrucous  surface  is  fully  exposed 
before  applying  the  rays.  Not  infrequently  a  wart  will  extend 
entirely  around  a  nail  and  involve  the  lateral  surfaces  of  the  finger. 
Here  we  are  dealing  with  a  convex  surface  and  it  is  often  necessary 
to  make  two  exposures,  one  exposure  to  each  side,  care  being  taken 
to  protect  first  one  side  and  then  the  other  and,  also,  to  prevent 
overlapping  (see  chapter  on  General  Therapeutic  Considerations). 

The  common  wart  may  involve  the  mucous  membranes  of  the  lip, 
nose  and  evelid.  In  such  locations  it  is  often  more  convenient  to 
use  radium. 

Filtration. — There  are  theoretical  grounds  for  an  argument  in  favor 
of  filtered  radiation  in  the  treatment  of  verruca  vulgaris.  Natur- 
ally the  author  has  tried  both  filtered  and  unfiltered  radiation  and 
in  the  majority  of  instances  no  difference  was  noted  in  the  matter 
of  efficacy.  In  no  instance,  excepting  in  unusually  large  warts,  has 
it  been  possible  to  cause  the  disappearance  of  a  lesion  with  filtered 
radiation  that  failed  to  involute  under  the  influence  of  unfiltered 
radiation.  Very  large  warts,  however,  should  be  treated  with  filtered 
ravs.  The  first  dose  should  be  about  the  same  as  for  unfiltered  radi- 
ation,  namely  HI  J  S.  I).,  and  this  can  be  increased  if  necessar>\ 
Greater  care  is  required  in  the  case  of  filtered  radiation,  to  avoid  a 
reaction,  than  in  the  case  wnth  unfiltered  radiation.  The  explana- 
tion is  that  with  filtered  radiation  there  is  less  absorption  l)y  the 
hornv  laver  and  rete.  Therefore  it  is  not  advisable  to  administer 
full  erythema  doses  of  filtered  radiation  without  first  determining 
the  toleration.  Ihe  reasons  for  favoring  unfiltered  radiation  are  that 
considerably  less  time  is  required  to  administer  the  dose,  there  is  no 
greater  safety  with  filtered  radiation  and  with  the  exception  noted 
supra,  efficacy  appears  to  be  the  same  with  both  filtered  and  unfiltered 
radiation.  The  reader  is  here  referred  to  the  paragraph  on  filtration 
under  the  heading  of  "Plantar  Warts'*  in  this  chapter. 

Radium.— The  author's  experience  with  radium  in  the  treatment  of 
verruca  vulgaris  is  limited  to  a  comparatively  few  cases.  In  most  of 
these  cases  the  lesion  has  been  in  the  nostril,  at  the  vermilion  border 
of  the  lip  or  at  the  mucocutaneous  junction  of  the  eyelid.  The  results 
have  been  splendid  with  both  penetrating  beta  rays  and  gamma  rays, 
depending  on  the  size  and  thickness  of  the  lesion. 

Lesions  situated  in  the  nostril  can  he  irradiated  bv  means  of  a 
radium  tubular  api)licat()r.  Lead  foil  is  wrapped  around  the  tube; 
a  small  window  or  diaphragm  is  cut  in  the  lead  close  to  one  end  of 
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the  tube;  \Vith  adhesive  plaster  the  tulK»  is  fastened  to  one  end  of  a 
wocnlen  ton^e  depressor;  the  wood  acts  as  a  handle  hy  means  of 
which  the  exiK)sed  part  of  the  tul)e  can  he  held  apiinst  the  lesion 
for  the  desired  length  of  time;  the  glass  wall  of  the  tuln*  jirovideH 
sufficient  filtration  for  most  cases.  The  same  scheme  is  useful  for 
lesions  situated  at  the  inner  canthus  or  at  the  border  of  an  eyelid. 
It  is  often  possible  to  cross-fire  large  lesions  with  In-ta  rays  from  a 
tubular  applicator.  In  general  the  statements  marie  in  discussing  the 
roentgen-ray  treatment  of  warts  will  apply  to  the  use  of  rarlium  for 
the  same  purpose.  For  further  details  relative  to  technic  the  readier 
is  referred  to  the  chapter  on  Uarlium  Technic. 

Abbe,  Finzi,  Knox,  Wickham  and  Degrais  and  in  fa^rt,  m^ist  railium 
therapeutists  testify  to  the  efficacy  of  radium  in  the  treatment  of 
verruc*a  \'ulgaris. 

BOSCELLANEOnS  WARTS. 

Papillomata  of  the  skin  ami  mucfius  membranes  will  often  di»f- 
appear  sul>sequent  to  imuliation.  Hwurrerices  are  unrfmimoii. 
Abbe  and  others  have  obtained  gcxid  results  with  nulium  in  the 
treatment  of  papillomata  of  the  tongue.  '^I*he  author  has  en^^iunt- 
ere<l  lesions  that  disappeared  promptly  and  lesioits  that  failerl  Up 
improve  at  all  when  irradiaterl.  Slore  exfjerience  is  required  in 
onler  to  classify  the  various  types  of  warts  anrl  jjapilloffiata  arul 
to  permit  a  premier  selection  of  cases.  The  technic  of  api>iic£itioii 
does  not  differ  from  that  given  for  the  treatment  of  verruca  vulgaris. 

The  author  has  found  the  flat  juvenile  wart  ver>'  re^nlntrant  Uf 
Ixith  radium  and  jr-rays.  At  times  the  result  i>  i^iMfl.  but  on  tlie 
whole  treatment  has  Ijeen  disappr>inting.  Allen  rejxirt*  a  j/atient 
i*-ith  flat  warts  s<iitterwl  over  the  trunk.  Tire  eruption  di-iipi^earwl, 
apjiarently  as  a  result  of  njentgenization.  The  lji*tology.  however, 
wa^  that  of  pon>kenit*/>i-.  Lu^tgarten  ma/le  a  'iini'^l  diagiJO:^:^  *4 
multiple  -eniJe  or  ^U>rrheic  wart-.  The  Je-ion-  of  Unh  verruga 
planum  juvenile-  and  the  flat  wan-  of  a^luJt*  have  not  yifUM  w♦^l 
t/»  irradiatj'in  exreptini:  in  a  few  jn-tanr^-.  It  i-  j»--ible  tliat  l^etter 
re-uit-  wiJ]  \^  * »] txainffti  after  a  h/n'^^-T  exj->eri*'Ji'^- 

VinlAfT  !j« *:♦-•]  t!i*-  di-vapjjearaijf^  «jf  m'iJtipJe  \^rr\M-^  'A  tlj*-  Ijeanled 
TK-ir^*'!:  a-  a  r»— u]t  «>i  nieutireuizatioj:.  T}>e  treatuj^-ut  di^i  iK/t  prevefit 
t!ie  i-niiaTw.:.  .f  r^f-w  Je<ioi:-.  Per-^^iiaJ  experiemie  with  thi?  type  of 
'^'iiTi  :.a^  J. lit  rttr*r:^  *ATi<faf'tor'»'- 

^^K^LL:aiij  arv:  J  ♦e^rrai-.  Newfx»iijet  aud  otiier-  report  ^^^Mi  re-4iJts> 
^':zr.  ra^:  jijj  ir,  z:j*r  Tr^tatmei-l  of  wart-  or  papUk^mata  ^A  tl>e  ii^:alp. 
Ai-rf-  ''r-*:t-taTJ..^-  .,f  -i*^  vuJ'.a  aijd  jdan-  peui-  a-^-^/^-iate^J  with  pMi^jr^ 
•  >*i;.  J  :,♦-  ajt:.. .r  TreaTed  oue  <a^  tA  ^-'^udvloma  a^'umiiiatuiu  witij 
•'"""•*   '^^'-*'j*»UT   r.*r:i*^T.     S'-i.uJtz  fouiid  that  it  reir^uiied  daiJise^ou^ 


VKIiliCCOVS  LE.HIOXS  .4.V0  ERVPTIOS'S 


CALLOSITAS  (VERRUCA  PLANT ARIS) 


fill  tri'iitnient  iif  ii  plantar 
I>afi<'  27()  iif  \Yickliani  and 


'i'lu-  first  recurdiii  instiincc  nf  tlif  si 
wart  so  far  locatod  is  i[i  a  fcMitiiote 

Degraia'  btxtk  published  in  1912.  The  lesion  was  treated  with  radium. 
The  possibilities  of  roentgen  therapy  and  radium  therapy  in  this  affec- 
tion seem  to  have  been  overlooked,  for  tliere  are  very  few  references 
in  the  literature  bearinf;  on  the  subject. 

Hazen  and  Eicheiilaub  record  the  treatment  witli  x-rays  nf  Hi  cases 
of  plantar  warts.  In  many  of  the  patients  there  were  multiple  lesions. 
Fifteen  of  the  patients  were  cured.  There  wa.s  not  a  single  recur- 
rence. The  number  of  treatments  ranged  from  one  to  seven.  Invari- 
ably the  pain  disappeared  in  from  two  to  four  days  subsequent  to 
the  first  treatment.  The  dose  was  Hl|  S.  D.,  unfiltered,  every  three 
or  four  weeks.  Some  of  the  patients  remained  under  observation 
for  six  jears.  Wise  successfully  treated  7  cases  without  recurrences. 
He  employed  intensive  doses,  unfiltered,  at  intervals  of  one  month. 


Tile  plantar  wart  iias  l>een  a  nuisance  to  dermatologists.  These 
]}ainful  lesions  have  been  exceedingly  recalcitrant  to  other  methods  of 
treatment  and  not  infrequently  they  have  to  be  dealt  with  surgically. 

The  results  with  roentgen  therapy  in  this  condition  have  been 
so  gmxl  that  the  author  regards  such  treatment  as  the  methiMl  of 
election.  Sixty  patients  affected  with  verruca  plantaris  have  been 
treated.  In  many  instances  there  were  multiple  lesions.  The  final 
result  in  ^iO  cases  is  unknown.  Of  the  remaining  3(J  cases.  2(1  were 
cured,  4  improved  and  in  0  there  was  no  improvement.  Six  patients 
were  cured  in  one  treatment. 

Technic. — Each  lesion,  when  the  lesions  are  multiple,  should  be. 
separately  treated.  The  opening  in  the  lead  shield  should  fit 
the  lesion  exactly;  normal  skin  must  not  he  included  in  the  field  of 
radiation.  The  horny  layer  should  Ih-  cut  awa\-  as  much  as  possible 
with  a  sharp  razor.  If  caustics  have  been  applied  or  if  the  lesions  are 
inflameil,  it  is  advisable  to  postpone  the  treatment  for  a  week  or  two. 
Many  lesions  will  disappear  iis  a  result  of  th-  "  'rMtiim  of  aj 
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single  intensive  dose  of  unfiltered  radiation  (Hi  or  HlJ  S.  I).).  A 
week  or  two  subsequent  to  the  treatment  the  patient  is  likely  to 
notice  that  the  lesion  is  a  little  more  sensitive  than  usual;  then  sen- 
sitiveness to  pressure  disappears  entirely  and,  frequently,  the  lesion 
disappears  in  from  three  to  six  weeks.  If  there  is  no  improvement 
and  there  has  been  no  J*-ray  reaction  by  the  fourth  week,  a  second 
and  larger  dose  is  given  (Hi J  or  Hl^  S.  I).).  At  times  it  is  safe  to 
give  as  much  as  H2  and  even  H2i  S.  I),  unfiltered.  These  large 
doses  are  not  administered  unless  the  hyperkeratosis,  of  which  the 
lesion  is  mainly  composed,  is  very  marked.  The  thickened  horny 
layer  acting  as  a  filter  prevents  an  excessive  amount  of  radiation 
from  reaching  the  underlying  tissue  (derma). 

If  a  lesion  does  not  disappear  as  a  result  of  three  or  four  intensive 
or  hyperintensive  doses  no  benefit  and  perhaps  serious  injury  will 
result  if  the  treatment  is  continued.  If  a  radiodermatitis  occurs 
it  does  so  under  the  thick  horny  layer  and  it  is  likely  to  be  overlooked. 
In  this  event  repetition  of  treatment  may  be  followed  by  a  third- 
degree  radiodermatitis.  The  danger  signals  are  swelling  .or  a  push- 
ing outward  of  the  lesion  due  to  underlying  inflammation,  increased 
and  persistent  sensitiveness  to  pressure  and  inflammation  of  the 
surrounding,  unirradiated  skin.  The  author  has  seen  the  insidious 
development  of  a  third  degree  reaction  under  <me  of  these  lesions 
due  to  the  too  persistent  treatment  of  an  unusually  recalcitrant 
lesion. 

Filtration.— With  a  few  exceptions  all  the  cases  were  treated  \sith 
unfiltered  radiation.  The  exceptions  were  unusually  large  and  thick 
lesions.  It  is  possible  that  better  average  results  might  be 
obtained  with  filtered  radiation.  More  experience  w^ill  be  required 
before  this  question  can  be  definitely  decided.  Both  types  of  radia- 
tion seemed  to  give  the  same  results  in  lesions  of  average  size.  Lesions 
of  this  size  that  failed  to  respond  to  unfiltered  radiation  did  not 
improve  when  treated  with  filtered  radiation.  Very  large  and  thick 
lesions  seemed  to  do  better  with  filtered  rays. 

The  very  thick  horny  layer  acts  as  a  filter  and  permits  the  appli- 
cation of  a  rather  large  dose  of  unfiltered  radiation  without  injury  to 
the  derma.  With  filtered  radiation  there  is  less  absorption  by  the 
horny  layer,  hence  the  amount  received  by  the  derma  as  compare<l  to 
that  received  at  the  surface  is  greater  than  with  unfiltered  radiation. 
Theoretically,  therefore,  the  therapeutic  effect  of  filtered  radiation 
should  be  superior  to  that  of  unfiltered  radiation,  the  dose  being  the 
same  in  both  instances  (from  Hi  to  112  S.  I).). 

The  author  prefers  unfiltered  radiation  as  a  routine  because:  Of 
economy  in  time;  in  all  but  unusual  cases  the  effect  seems  to  be  the 
same  for  filtered  as  for  unfiltered  radiation;  if,  inadvertently,  the 
filter  should  he  omitted  and  the  dose  is  estimated  as  though  a  filter 
were  being  used,  the  effect  might  be  very  unpleasant  if  not  serious. 
Tl.is  may  seem  to  be  a  foolish  suggestion,  but  the  author  has  known 
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this  technical  error  to  happen  on  four  diflFerent  occasions  to  four 
diflFerent  operators  all  of  whom  were  careful,  conscientious  men  and 
two  of  whom  were  experienc*ed  roentgenologists. 

Radium.— Personal  experience  with  radium  in  the  treatment  of 
verruca  plantaris  is  limited  to  10  cases.  Insofar  as  can  be  deter- 
mined from  such  limited  experience,  the  results  are  the  same  as  with 
j*-rays  as,  indeed,  should  be  the  case.  Few  literary  references  of 
consequence  dealing  with  this  aspect  of  radium  therapy  have  been 
encountered.  Bissell  reports  cures  of  both  plantar  warts  and  corns 
with  radium.  In  2  of  the  author's  cases  lesions  that  failed  to 
improve  under  roentgenization  were  equally  resistant  to  both  beta 
rays  and  gamma  rays.  Small  lesions  may  be  treated  with  p)ene- 
trating  beta  rays,  especially  if  most  of  the  horny  layer  is  first  removed, 
a  screen  of  \  mm.  to  1  mm.  of  aluminium  being  sufficient.  Most,  if 
not  all,  of  the  beta  rays  will  be  absorbed  by  the  horny  layer  of  ver>' 
thick  lesions.  In  such  instances  it  is  presumably  the  ganmia  rays 
that  prove  effective  whether  or  not  a  heavy  filter  is  used.  Either 
flat  or  tubular  applicators  may  be  used.  What  has  been  said  relative 
to  the  use  of  a'-rays  in  this  affection  will  apply,  also,  to  the  use  of 
radium.  For  further  details  the  reader  is  referred  to  the  chapters  on 
Radium  Technic  and  General  Therapeutic  Considerations. 

CORNU. 

Hard  corns  are  recalcitrant  to  both  ar-rays  and  radium.  It  usually 
requires  from  two  to  four  intensive  or  h>T>erintensive  treatments  to 
effect  a  clinical  cure.  It  is  not  possible  to  establish  a  clinical  cure 
in  all  cases.  The  lesions  occasionally  recur.  The  technic  of  appli- 
cation and  the  precautions  to  be  taken  are  the  same  as  in  the  treat- 
ment of  verruca  vulgaris  and  verruca  plantaris  and  need  not  be 
repeated  here. 

Soft  corns,  situated  between  the  toes,  usually  undergo  complete 
involution  as  a  result  of  one  or  two  intensive  treatments.  The  best 
results  obtained  by  the  author  have  been  with  tubular  radium  appli- 
cators. The  tube  is  prepared  as  described  in  the  radium  treatment 
for  verruca  vulgaris  of  the  nostril  (supra).  No  filter  other  than  the 
glass  wall  of  the  tube  is  required.  If  a  small  flat  applicator  is  used 
it  is  advisable  to  use  a  screen  that  will  absorb  the  "soft"  beta  ravs. 

KERATOSES. 

Under  this  heading  will  be  discussed  Senile  Keratosis,  Arsenical 
Keratosis,  A"-ray  Keratosis  and  Miscellaneous  Keratoses. 

Senile  Keratosis.  — (NV/nVf  Wart;  Seborrheic  Wart  or  Keratosis),— 
Sutton  divides  senile  keratosis  into  three  types— keratoid,  nevoid 
and  verrucous.  The  keratoid  type,  clinically,  is  a  gray  to  brown 
squama  which  may  be  dry  and  firmly  adherent  or  which  may  be  waxy 
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antl  less  Urmly  attathwl  tn  the  rete.  The  lesion  fonsi-sts  of  liyperkera-  1 
tosis  or  panikenitosis  with  atrophy  and  perhajw  (leReneratiim  of  the! 
rete.  'Che  nevoid  type  is  a  yellow  to  dark  brown,  smixrth,  elevated  I 
lesion,  characterize*!  entirely  by  acanthosis.  The  horny  layer  is  very  J 
little  if  at  all  thickened.  The  verrucous  tj-pe  is  »s  the  name  implies,  1 
papillomatous  and  is  characterized  by  acaiithaiis  and  hxperkeratosis  \ 
or  parakeratosis.  _    ] 

Any  t,\pe  of  senile  keratosis  is  a  potentially  dangerous  lesion  (epi- 
thelioma).  It  is  advisable,  therefore,  to  deal  with  these  lesionH  radically  j 
or  leave  them  alone.    They  will  usually  involute  when  irradiated  but  ' 
they  are  likely  to  lie  stubborn. 


For  the  keratoid  variety  it  is  preferable  to  first  remove  the  homy 
layer  with  a  curette  and  then  apply  an  intensive  or  aubintensive 
application  of  unfiltercd  beta  rays.  This  one  treatment  will  usually 
suffice  for  a  clinical  cure.  Reciu-rences  are  uncommon.  Several 
months  after  the  treatment  it  is  usually  impossible  to  detect  the  site 
<if  the  former  lesion,  but  in  some  persons  there  may  lie  depigmenta- 
tion, atmphy  and  rarely  telangiectasia.  As  a  rule,  the  cosmetic  result 
is  better  than  with  carbonic  acid  snow  and  other  caustic  measures, 
but  this  is  not  always  so. 

The  nevoid  and  verrucous  types  may  be  treated  aucx-essfully  with 
_either  j--ra\*s  or  the  beta  or  gamma  rajs  of  radium.  Occasionally 
a  lesion  will  disappear  as  a  result  of  one  intensive  or  hyjierintensive 
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treatment,  but  very  often  several  such  treatments  are  necessary.  , 
Some  lesions  will  not  disappear  without  applying  a  quantity  sufficient 
to  produce  a  severe  reaction.  Recurrences  are  rather  common.  , 
The  author  prefers  to  curette  these  lesions.  This  can  be  done  quickly  - 
and  painlessly  under  ethyl  chloride  local  anesthesia.  It  is  only  neces — 
sary  to  remove  the  epidermis;  a  scar,  therefore,  does  not  result.  After  - 
the  curettage  a  suberythema  dose  of  j--rays  or  radium  is  applied.  ^ 
By  this  method  one  treatment  usually  suffices  to  effect  a  permanent^ 
cure  and,  as  a  rule,  the  result  is  perfect  from  a  cosmetic  standpoint,  ^ 
although  in  some  persons,  the  site  of  the  former  lesion  may  be  a  little^^ 
atrophic  or  a  little  ligher  or  darker  than  the  surrounding  skin. 

A  very  important  point  is  to  be  certain  of  the  diagnosis— certaii^ 
that  the  lesion  is  not  an  early  epithelioma.     If  there  is  any  doubt,  ifc 
is  advisable  to  consider  the  lesion  an  epithelioma  and  treat  it  as  such 
(see  Chapter  XXXIII). 

Senile  keratoses  occur  on  all  parts  of  the  body  but  mainly  on  the 
face,  dorsal  surfaces  of  the  hands  and  the  trunk.  They  occasionally 
develop  at  the  mucocutaneous  junctures  w^hen  they  are  prone  to  form 
cutaneous  horns.  Keratoses  are  fairly  common  on  the  mucous 
membranes  of  the  lip.  The  lesions  on  the  lip  are  especially  danger- 
ous and  should  be  dealt  with  radically— removal  of  horny  layer  and 
a  dose  of  "soft"  beta  rays  sufficient  to  effect  a  second-degree  reaction 
(excoriation)  or,  if  preferred,  an  erythema  dose  of  av-rays.  In  the 
case  of  a  cutaneous  horn,  the  horn  should  be  removed  before  the 
lesion  is  irradiated.  A  thick  and  very  adherent  keratosis  sometimes 
occupies  the  entire  lower  lip.  The  removal  from  a  mucous  membrane 
of  such  an  adherent  horny  layer  is  difficult  and  at  times  impossible 
without  destroying  considerable  tissue.  In  such  instances  one  or 
two  intensive  or  hyperintensive  j*-ray  or  gamma-ray  treatments, 
liriiited  strictly  to  the  lesion,  will  usually  be  followed  by  a  disappear- 
ance of  the  hyperkeratosis.  If  the  cure  is  not  complete  the  entire 
lip  should  then  be  exposed  to  an  erythema  dose  of  "soft"  beta  rays. 

As  a  rule,  it  is  advisable  to  allow  an  eighth  of  an  inch  of  normal 
skin  around  the  lesion  to  remain  in  the  field  of  radiation.  For  further 
technical  details  the  reader  is  referred  to  the  chapters  on  Technic,  and 
General  Therapeutic  Considerations. 

Arsenical  Keratoses.— Individual  keratoses  due  to  arsenic  and  also 
those  due  to  tar,  paraffin,  etc.,  will  usually  disappear  under  the  influ- 
ence of  .r-rays  or  radium.  The  author  has  not  yet  treated  the  so- 
culled  arsenical  palm  with  either  of  these  agents. 

X  ray  Keratoses.— The  beta  rays  of  radium  ynW  almost  always* 
cause  the  disappearance  of  the  painful  and  dangerous  keratoses  that 
develop  in  ".r-ray  skin."  The  author  has  had  the  extreme  pleasure 
and  gratification  of  removing  in  this  manner  .r-ray  keratoses  from 
the  hands  of  a  number  of  pioneer  roentgenologists.  The  lesions  may 
also  he  cured  with  .r-rays  and  gamma  rays,  but  the  beta  rays  gi\«e 
nuK'h  better  rcsulti^. 
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McDonnell,  who  had  scattered  j'-ray  keratoses  over  the  dorsal 
surface  of  one  hand,  reports  the  disappearance  of  the  lesions  as  a 
result  of  twenty-one  fractional  treatments,  the  radiation  being  allowed 
to  spread  over  the  entire  hand.  Sequeira,  commenting  on  McDon- 
nelKs  result,  cautions  against  the  possible  remote  effects.  The  author 
agrees  with  this  admonition,  but  he  considers  that  it  is  wise  and 
safe  to  employ  radium  beta  rays  for  this  purpose  if  a  proper  technic 
is  used.  In  fact  such  treatment,  when  comparing  the  results  with 
other  methods,  constitutes  the  method  of  election  in  most  cases. 

Sequeira  (19()8)  was  probably  the  first  to  treat  such  lesions  with 
the  .r-rays;  Tousey  (1915)  seems  to  have  been  the  first  to  try  radium. 
The  lesions  were  on  his  own  hands.  Four  months  later  Abbe  reported 
the  cure  of  a  number  of  cases.  Abbe  also  reports  the  cure  with  radium 
of  several  .r-ray  epitheliomata.  Degrais  and  Bellot  have  cured  j'-ray 
keratoses  and  ulcers  with  radium.  The  author  has  clinically  cured 
one  epithelioma  of  this  kind  with  ar-rays  and  two  with  radium.  One 
of  the  patients  has  remained  under  observation  for  five  years  and 
there  has  been  no  recurrence. 

In  his  article  Abbe  calls  this  phenomenon  an  apparent  paradox. 
The  words  were  well  chosen;  the  paradox  is  apparent  and  not  real. 
The  development  of  a  keratosis  in  skin  that  has  been  injured  by 
.r-rays  is  at  least  partly  if  not  entirely  idiosyncratic.  It  is  exactly 
the  same  thing  that  happens  in  xeroderma  pigmentosum,  sailor's 
skin,  farmer's  skin.  etc.  The  point  is  that  the  skin  has  been  altered 
by  ^--rays,  actinic  rays,  or  other  physical  and  chemical  agents.  The 
cells  are  compelled  to  adapt  themselves  to  the  new  environment  and 
in  doing  so  they  develop  new  characteristics  and  power  of  independent 
growth.  As  far  as  is  known  a  preepitheliomatous  keratosis  is  funda- 
mentally the  same  whether  due  to  .r-rays,  sunlight  or  other  causes. 
If  .r-rays  and  radium  rays  can  cure  keratoses  and  early  cutaneous 
epithelioma  due  indirectly  to  actinic  rays,  and  they  can  do  so,  there 
is  no  good  reason  why  they  should  not  be  equally  efficacious  in  similar 
lesions  caused  indirectly  by  .r-rays  or  radium  rays.  It  must  not  be 
assumed  from  this  argument  that  radium  or  .r-rays  are  advocated  in 
all  cases  of  .r-ray  keratosis.  As  a  matter  of  fact  the  author  is  opposed 
to  the  use  of  either  .r-rays  or  gamma  rays  in  these  cases.  The  derma 
and  even  the  subcutaneous  tissue  is  usually  sclerotic  in  these  cases 
and  large  doses  of  either  gamma  rays  or  j'-rays  will  add  to  the  injury 
and  j>ave  the  wiiy  for  additional  trouble.  In  the  early  cases  it  is  neces- 
sary to  destroy  only  the  epidermis  and  the  papillary  body  and  this 
can  be  done  with  "soft"  beta  rays. 

Theoretically,  even  this  treatment  is  far  from  ideal.  However,  the 
fact  that  there  is  no  other  method  that  gives  as  good  results  and  the 
fact  that  no  untoward  results  have  been  noted  for  as  much  as  six 
years,  warrants  the  use  of  this  treatment  until  a  better  method  is 
evolved. 
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In  *r*-5k';:.;:  ^:iv:.Vrrr.A    r'  T.-r  r:^:  --vi    *  :--  r^r.    rr^k  r'*!^;-  -•xiovJ 
f//t;iliv   /•;--;*  ;i;>*-ar^:,     Tr.-^    :Ai":>r.:    1;-:     r^-     1   :-:--   zl^  c:h.s    but 

fWu'.fii\  f''*T*'  i.'i  ar;o^ :.*:.•  :/«•>:. :  ■sr.'r  .^.^.i  ^  i^ti  r.    r  l-f'^k  r-Likfa  the 

l,rfff\u*'fi.     I:.  '/y.\  P;-^' .  !:.   i;-*'i-?:r.j: -r.- :rvii:::.r:::    :  !T-:k^y>iakia, 

t;it#-- ;        I  h;j.  *r  '';'^r^-*7i*^i  ir.  '.  ir.T.z  .a  ^•/•i  r:.^::;   •  f  :ht::-.  *■"■;.  the  ii?e 

of  y-r;j;    .'      Tr.^-r'-  ^r*-  ■  '-r*  >-■'  r»:>-rt-  :r.  :r.r  .::rr,-.:-.:>.    i-.i!:-.^  with 

j^-ni     frt'itUt,'-:.'^  o:  *:.:•  ;ir:^-<T !••:*.     T:i«r  ^r'^-r:^.    y.r.l  ::  :■:  :>;irs  to  be 

I'nu'l'-rjOj'il.  i>*i.  *nr;iT#fl  a  '^•a-^  of  exter.-i'. r-  !«r'.Lk'  i^-.ik:.-.  with 
rn/lintfi.  Tfi'-  ul'-'-rarion  an^l  pain  <li-apfieareil  tuit  the  If;;k.»:>Iakia 
miistifHil.  Ui'kharn  ajKJ  I)#-;^nii-!  treati^-rl  -evenil  »-a>e<.  >i>me  of 
wlii''li  v^'T'r  rijrwl;  r/t|ii-r-.  w«'r<*  irnprovfrrl.  Pinch,  IJot:;^.  NewoHuet, 
l;;iy#'t,  Kin/i,  Knox  uutl  oth«T^  rt'\Hfrt  r-asf^  that  have  Kvn  impn»vtHl 
or  cun-H.  Knox  hu  •.n\ttititiri\  j(o<kI  n'->nlt-»  with  both  r-ray<  an«i  rculiuin. 
Abb<-  fin<l  ■.  niHinni  u  |»o  ,iti\<-  <un-  for  K-ukophikia. 

'IIm-  »uMior  ha.  hern  Hi  ■H|>pointcrl  with  b«jth  .r-rays  ami  nuliuni  in 
tin-  f  n-af  ni<*nt  of  f  hi  •.  alf<-<'ti(»n.  A'-rays  were  trifcj  >eVeral  years  agi>  on 
a  rnnnlHT  of  <•»  ■,!• .  but  thr  n-iuhs  wrn-  so  jxHir  and  the  diffieulty  of 
propii  jipph'iihon  .0  ^rnit,  that  the  work  wa-^  discontinued.  IHirinp 
the  pn  it  few  ycju".  cll'ort  1  ha\c  been  confined  to  radium.  Small  patches 
have  often  (H  nppcarcd  ai  a  re  »iilt  of  one  api>lication  of  beta  rays— an 
exposure  iillicicnt  to  cll'ect  a  second  decree  reaction.  Many  of  these 
piiticnt  :  ha\c  been  free  nf  recurrence  for  three  years.  No  impn)ve- 
nient  hn  i  re.nlted  unlesit  the  treatment  has  caused  a  react  iim  ccmsistinj; 
of  edema  nnd  cro.ioii.  \(»t  a  sin^rk*  ^'ase  of  extensive  leukophikia  was 
cured.  In  a  few  instance-*  the  k'sion  disappeared  only  to  return  in  a 
few  week  i  or  month:;.  I-'acu  some  of  the  small  lesions  faile<l  to  dis- 
ap|»ear,  and  if  they  did  disa|)pear,  many  of  them  recurred  immediately. 
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In  one  patient,  after  several  intensive  treatments,  a  slow-growing 
epithelioma  developed  on  the  lateral  surface  of  the  tongue  near  its 
base.  In  another  patient  a  very  rapidly  growing  epithelioma  appeared 
in  a  patch  of  leukoplakia  after  two  intensive  treatments.  Schamberg 
reports  the  development  of  epithelioma  in  a  patch  of  leukoplakia  one 
year  subsequent  to  a'-ray  treatment. 

It  would  be  unfair  to  say  that  the  epithelioma  in  these  cases  was 
caused  by  the  treatment,  although  such  a  possibility  must  be  con- 
sidered. I^eukoplakia  is  neither  syphilis  nor  cancer.  It  is  a  keratosis  * 
and  dyskeratosis  of  unknown  etiology  in  which  epithelioma  very 
frequently  develops— epithelioma  of  the  metastatic  type.  Therefore 
leukoplakia  must  be  considered  one  of  the  most  dangerous  forerunners 
of  cancer.  The  affection  is  exceedingly  recalcitrant  to  all  forms  of 
treatment,  which  makes  the  uncertain  results  of  radium  all  the  more 
disappointing  and  discouraging. 

Leukoplakia  is  a  dangerous  preepitheliomatous  lesion.  Any  form 
of  treatment  that  might  stimulate  or  irritate  the  cells  is  prohibited.  If 
it  is  treated  at  all  it  should  be  dealt  with  radically.  The  affection  is 
superficial,  characterized  by  acanthosis,  dyskeratosis  and  hyperkera- 
tosis, with  more  or  less  evidence  of  inflammation  in  the  papillary  body. 
Occasionally  the  affection  is  verrucous  or  papillomatous.  For  these 
reasons  the  author  prefers  to  use  the  penetrating  beta  rays  and  a  dose 
sufficient  to  effect  erosion  of  the  entire  epidermis  and  destruction  of  the 
papillary  body.  Many  of  the  authors  quoted  supra  advise  filtered 
.r-rays  or  heavily  filtered  radium  persistently  applied  over  a  period  of 
several  months.  Such  advice  seems  to  be  contrary  to  the  indications 
and  requirements.  The  author  advises  beta  rays  in  preference  to 
.r-rays  or  gamma  rays.  The  "soft*'  beta  rays  should  be  eliminated  by 
a  screen  of  ^  mm.  of  aluminium  or  the  filtration  equivalent  in  some 
other  material.  If  the  leukoplakia  is  thick  (verrucous)  1  mm.  of 
aluminium  should  be  used.  If  one  or  two  applications  (hyperintensive 
or  ultraintensive)  fail  to  effect  a  clinical  cure  some  other  method, 
such  as  the  electric  cautery,  should  be  advised.  The  author  is  of  the 
opinion  that  a  prompt  recurrence  should  not  be  treated  with  radium. 

At  the  present  moment  the  author  prefers  to  remain  non-committal 
regarding  the  advisability  of  treating  leukoplakia  with  radium  in 
preference  to  other  methods.  Small  patches  can  be  cured  with  radium 
but  they  can  be  cured  with  greater  certainty  (although  with  more 
discomfort)  by  means  of  the  galva no-cautery.  Extensive  leukoplakia 
is  almost  incurable  with  any  metho<l  of  treatment.  In  any  event  a 
guarded  prognosis  should  be  given  and  no  promises  made. 

KRAUROSIS  VULViE. 

Kraurosis  is  included  in  this  group  of  diseases  because  its  sympto- 
matology often  includes  leukoplakia  of  the  vulvae  or  a  condition  that 
greatly  resembles  leukoplakia. 
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The  author  has  treated  3  cases  of  kraurosis  xnilvae  with  sub- 
intensive  doses  of  x-rays.  The  diagnosis  in  each  instance  was  con- 
firmed by  dermatological  colleagues.  One  patient,  besides  atrophy, 
leukoplakia  and  intense  itching,  had  an  epithelioma.  The  epithelioma 
was  excised  before  irradiation.  After  three  j'-ray  treatments  the 
itching  ceased.  There  was  no  change  in  the  leukoplakia.  The  subse- 
quent history-  is  unknown.  Another  patient  with  leukoplakia  and 
intensive  itching,  failed  to  improve  after  several  subintensive  treat- 
ments. The  affec*tion  in  both  cases  w«s  of  long  duration.  In  the 
third  patient  (recently  treated)  the  duration  was  two  years.  The 
mucosa  was  thick,  it  was  glazed  in  places  and  milky  white  in  other 
places.  There  was  a  tenacious  discharge  and  intense  itching.  After 
the  second  intensive  treatment  the  itching,  thickening  and  discharge 
disappeared.  The  leukoplakia  had  changed  from  white  to  an  almost 
imperceptible  gray.  The  patient  has  remained  free  of  subsequent 
symptoms  for  six  months.  Runge  treated  2  cases  of  kraurosis  vulvae 
with  j--rays  without  improvement  in  either  case. 

In  treating  kraurosis  vulvae  the  fact  that  it  is  a  forerunner  of  cancer 
must  be  kept  in  mind.  It  would  seem  advisable  to  discontinue  treat- 
ment if  the  symptoms  are  not  relieved  as  a  result  of  two  or  three 
months  of  treatment.  Also  it  would  seem  preferable  to  employ 
intensive  rather  than  fractional  treatment.  The  technic  of  applying 
j'-rays  and  radium  to  this  part  of  the  body  will  be  found  in  the  chapter 
on  Pniritus. 

KERATOSIS  FOLUCULARIS. 

(Darier's  Disease.) 

The  author  had  1  case  of  Darier's  disease  the  lesions  of  which  dis- 
ai)ijeare(l  as  a  result  of  roentgenization.  There  were  a  few  scattered 
areas  of  the  affection  distributed  over  the  bcnly  surface.  The  eruption 
in  sonic  areas  underwent  complete  involution  subsequent  to  a  single 
suhcrythema  dose.  Other  ureas  required  two  or  three  such  treat- 
ments. Nothing  is  known  relative  to  the  subsequent  history  of  the 
patient.  It  was  not  a  severe  case;  the  duration  was  only  a  few  months. 
Th(»  clinical  diagnosis  was  confirmed  microscopically. 

Lie))crthal  recorded  the  first  case  of  Darier's  disease  ever  treated 
with  .r-rays  (H)()4).  Ritter  cured  a  very  extensive  case.  Stout  saw 
nuirkcd  inii)rovcment  in  1  patient,  even  the  untreated  lesions  under- 
went involution.  Mook  obtained  good  results  in  4  cases.  Scheer 
obtained  marked  improvement  in  1  patient  and  G.  H.  Fox,  Engnian 
and  Mook,  and  Hulkley  saw  considerable  improvement  in  1  case. 
II.  Fox  has  been  disappointed  with  results  obtayied  with  .r-rays  in  this 
afi'ection. 

With  such  limited  experience  it  is  not  advisable  to  outline  a  technic. 
(ieneralized  cases  will  i)r()bal)ly  do  well  under  fractional  .r-ray  treat- 
ment, while  localized  i)atches  can  be  treated  with  either  fracticmal  or 
intensive  api)li(ati()ns  of  .r-rays  or  radium. 
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XERODERMA  PIGMENTOSUM. 

The  keratoses  and  the  epitheliomata  occurring  in  this  aflFection  may 
be  cured  with  j*-rays  or  radium,  especially  with  the  beta  rays  of  radium. 
This  statement  is  made  \sith  the  understanding  that  the  epitheliomata, 
if  of  the  prickle-cell  type,  are  in  the  early  stages  of  evolution  and 
involve  only  the  skin  (epitheliomata  in  this  aflFection  may  be  of  the  basal- 
cell  or  of  the  prickle-cell  type).  The  technic  of  application  will  be 
found  in  this  chapter  under  tl^e  heading  of  Keratosis  and  in  the  chapter 
on  Epithelioma.  The  author  has  treated  only  2  cases  and  in  both 
instances  the  epitheliomata,  which  were  of  the  basal-cell  variety, 
were  more  stubborn  than  is  usual  for  this  type  of  epithelioma.  The 
keratoses  disappeared  but  many  of  them  recurred. 

Perrin  and  Dupeyrac  (1906)  were  the  first  to  record  the  use  of 
.r-rays  in  this  disease.  They  were  able  to  make  the  warty  lesions  and 
malignant  tumors  disappear  in  their  1  case.  Jamieson,  and  Allen 
have  reported  the  disappearance  of  keratoses  and  epithelioma  following 
irradiation. 

Of  course  j*-ray  or  radium  treatment  does  not  modify  the  prognosis 
of  this  dreadful  and  hopeless  disease,  but  such  treatment  may  give  the 
poor  little  patients  temporary  comfort. 

ACANTHOSIS  NIGRICANS. 

Wise  reports  a  case  of  acanthosis  nigricans  of  the  juvenile  type, 
occurring  in  a  young  w^oman.  She  presented  typical  and  well-pro- 
nounced lesions  implicating  practically  the  entire  body,  with  rugose 
and  papillary  growths  in  the  axillae  and  groins.  A  series  of  fractional 
roentgen-ray  treatments,  extending  over  a  period  of  five  months, 
resulted  in  complete  involution  of  the  lesions,  so  that  her  skin  became 
normal  in  appearance  and  texture.  The  author  saw  this  patient  both 
before  and  after  treatment  and  he  can  confinn  the  diagnosis  and  the 
completeness  of  the  clinical  cure.  The  eruption  follower!  the  decapsu- 
lation of  the  kidneys.  Cognizance  is  taken  of  the  fact  that  the  juvenile 
variety  of  this  disease  occasionally  undergoes  spontaneous  involution. 
All  that  can  be  said  in  this  connection  is  that  the  eruption  had  lasted 
for  a  long  time  and  had  not  lun^n  influenced  by  other  remedies.  Involu- 
tion began  with  the  institution  of  roentgen  therapy  and  it  was  rapid, 
continuous  and  complete. 
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CHAPTER  XXXI. 
NFAl  AND  CONGENITAL  KERATODERMATA.^ 


1.  Angioma 


2.  L^Tnphangioma 


The  diseases  or  conditions  discussed  in  this  chapter  are: 

Nevus  Flammeus. 
Nevus  Vasculosus. 
Angioma  Cavernosum. 

Lymphangioma  Cavernosum. 

Lymphangiectodes. 

Angiolymphangioma. 

Angiokeratoma. 

3.  Nevus  Pigmentosus. 

4.  Nevus  Pilosus. 

5.  Nevois  Verrucosus. 
().  Adenoma  Sebac^eum. 

7.  Ichthyosis  and  Allied  Conditions. 

8.  Telangiectasia  (Spider  Nevus,  etc.). 

A'-rays  and  radium  have  a  limited  field  of  usefulness  in  this  group 
of  dermatoses  when  the  group  is  considered  as  a  whole.  The  results  of, 
radium  therapy  in  some  types  of  angioma  are,  however,  very  striking. 

ANGIOMA. 

The  results  obtained  with  a'-rays  and  radium  in  this  nevus,  will 
depend  upon  the  particular  type  of  angioma  treated  and  the  nietho<i 
of  applying  the  radiation.  There  is  some  confusion  relative  to  the 
classification  and  nomenclature  of  the  various  clinical  types  of  angioma. 
For  convenience  angioma  may  be  divided  into  three  clinical  types: 

1.  Nevus  flammeus  (port-wine  mark). 

2.  Nevus  vasculosus  (strawberry  mark). 

3.  Angioma  cavernosum  (cavernous  angioma). 
These  clinical  types  will  be  separately  considered. 

Port-wine  Mark,— Port- wine  marks  are  usually  located  on  the  face 
and  neck  and  vary  in  size  and  color.  They  may  be  no  larger  than  a 
dime  or  they  may  occupy  one  entire  side  of  the  face  and  neck.  They 
may  be  pale  red  (pink)  dark  red  or  bluish  red.  They  are  never  elevated 
above  the  niveau  of  the  skin.  Occasionally  angiomatous  tumors  may 
develop  in  a  port-wine  mark. 

The  ar-rays  and  probably  the  gamma  rays  of  radium  are  not  of  the 
slightest  service  in  this  affection.     The  author  has  seen  an  .r-ray 

*  For  explanation  of  terms  used  in  this  chapter  to  exprcrss  dosage  see  Chapters  X 
and  XrX. 
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technician  with  a  port-wine  mark  of  the  anterior  surface  of  tlie  left 
forearm  and  hack  of  the  left  hand.  For  several  years  these  ])arts 
received  daily  exposures  of  unfiltere<l  radiation  while  making  fluoro- 
scopic examinations.  Finally,  the  skin  l)ecame  atrophic,  keratoses 
appeared,  and  two  of  the  keratoses  developed  into  metastatic  epithe- 
lioma. The  nevus  was  still  present  and,  acconling  to  the  patient's 
statement,  had  not  changed  in  color  since  he  was  a  boy.  The  author 
has  trml  roentgen  therapy  in  cases  of  port-wine  mark  without  noting 
any  alteraticm  in  color.  Of  course,  if  the  treatment  is  carried  to 
destruction  of  the  upper  part  of  the  derma,  the  result  may  be  improve- 
ment in  the  nevus  but  at  the  possible  and  even  probable  expense  of 
serious  o'-ray  sequelae  later  in  life. 

Not  much  more  can  be  said  relative  to  the  beta  rays  of  radium. 
Ilartigan  reports  the  eradication  of  a  port-wine  mark  which  mvolved 
most  of  the  left  side  of  the  face.  Thirty-nine  applications  were  made 
with  an  unscreened  radium  applicator.  Superficial  ulceration  cx^curred 
after  most  of  the  treatments.  Pinch  was  unable  to  obtain  satisfactory' 
results  in  this  type  of  nevus  with  radium  after  several  months  of  treat- 
ment. He  used  a  screen  of  ^  mm.  of  aluminium.  He  advises  caution 
in  these  cases  because  of  the  possibility  of  sequelse.  Jones  failed  to 
obtain  good  results  with  very  lightly  screened  radium.  Simpson 
(unpublished)  states  that  he  has  cured  pale  port-wine  marks  with  the 
toile  tvT^e  of  radium  applicator.  Wickham  and  Degrais  have  caused 
the  disappearance  of  port-wine  marks  but  they  admit  atrophy  and 
telangiectasia  as  sequelae,  and  also  aver  that  this  type  of  nevus  is 
exceedingly  stubborn.  The  author  has  failed  to  modify  port-\iine 
marks  with  radium  A^-ithout  effecting  a  sharp  beta-ray  reaction.  It  is 
his  opinion  that  neither  d*-rays  nor  radium  should  be  employed  m  this 
type  of  nevus.  Much  better  results  can  be  obtained  with  ultraxdolet 
rays  and  without  the  risk  of  permanent  injury  to  the  skin. 

Nevus  Vasculosus  {Strawberry  Mark).— In  this  type  of  angioma  the 
lesion  is  red  and  it  is  elevated  to  a  greater  or  lesser  degree  above  the 
surface  of  the  skin.  The  lesions  involve  only  the  superficial  vessels 
and  vary  in  size  from  a  pinhead  to  an  adult  hand.  They  are  soft  in 
consistence  and  tend  to  enlarge  for  a  few  years  after  which  they  may 
undergo  involution,  wliich  may  be  spontaneous  or  which  may  l)e  due 
to  ulceration  or  traumatism.  They  occur  perhaps  most  frequently 
on  the  face  but  they  are  seen  on  nearly  all  parts  of  the  body. 

A'-rays  and  gamma  rays  are  capable  of  curing  this  type  of  angioma 
but  the  effect  of  beta  rays  of  radium  is  so  superior  that  x-rays  and 
gamma  rays  are  contra-indicated. 

The  results  of  beta-ray  therapy  in  nevus  vasculosus  are  so  striking, 
so  perfect,  that  they  may  be  placed  among  the  most  notable  achieve- 
ments of  radium  therapy  in  the  treatment  of  cutaneous  affections. 

In  small  lesions  in  infants  one  or  two  treatments  will  often  suffice  for 
comr*'  *     "    Dpearance  of  the  nevus.     Larger  and  thicker  lesions  may 

"eatments. 


A  Hat  ai>i)lifator  is  to  In-  prcFerretl.  In  ull  but  tlii'  i-xtn'mely  tlnn 
lesions  it  is  advisable  to  use  u  screen  of  from  ^  to  J  mm.  of  uluminium 
or  the  filtration  equivalent  in  some  other  material.  It  is  permissible 
to  cause  a  slight  erythema,  but  this  is  not  necesaiiry  or  advisable. 
Sulierytiiema  <loses  administered  once  every  three  or  fonr  weeks  is  the 
usual  method.     The  lesions  should  be  closely  shieldcil.  ] 

Nevus  va.'fculosus  often  occurs  on  the  scalp,  eyelids  aTid  in  the  ' 
eyebrows.     The  hair  follicles  extend  for  u  considerable  distiiiiie  below 
tile  vascular  new  growth.     The  nevus  is  extremely  susceptible  lo  ihc 


iuHueiice  of  the  iK'ta  rays.  The  "soft"  and  "incilium"  iieta  rays  are 
for  the  most  part  Bbsorl>ed  before  thej'  reach  the  hair  bulbs.  For 
these  reasons  it  is  pos.sible,  with  lightly  screened  radium  and  sub- 
erjthema  doses,  to  effect  complete  involution  of  the  iie\'us  without 
causing  defiuvium. 

Tnless  one  has  had  considerable  experience,  it  is  not  advisable  to 
attempt  the  treatment  of  a  nevus  of  large  dimensi<iiis  with  tubular 
applicators  a.s  the  effect  is  likely  to  be  very  uneven.  If  the  growth 
happens  to  l>e  linear,  as  may  lie  the  case  on  the  eyelid,  a  tubular 
applicator  may  be  of  service.     It  is  not  necessary  to  protect  the  eye 


/ar^filly  ^ikiUibfl  »itb  fcad  M-  ti«-  lid-  t^^c  ^ib*^!  aii-i  -<Jv  ibe 
**v/ft"  */r  "milium"  Jj^:ta  my*  utilizKiri.  ti*m-  wi3  u.ji  ^t^  -"cSeient 
rsuliMtif^t  3k\p^0f\0ht\  b;.  the  eye  to  result  in  bATm.  Tlii-  ?va?<iiim21  i^ 
^Aii^  tfti  experi»fT¥-»f, 

VtttyA  arirj  rrianv  i^lnnr*  ha\'e  testified  to  the  eSca<^  c4  rftdrcBn  in  the 
trtisiUfHfftl  *A  fievu^  va^s^nlo-ur.  The  pbotocT^iph^  pQb&iied  by  <«;<iie 
ii  tX^f?^,  imtluft>,  e^fpe^-iaJly  tbr#r!<r  presenttd  by  Wktiiain  a&l  iWirais, 
are  tfxan^liuidy  •trikifi>r.  The  fir*t  artide^  wrmec  c«i  tht  subject 
were  fniWi  the  fjerij^  r^  IhtuUf^.  Hartigan.  FoUanl.  Ecttein.  Strasinann 
arj^J  llehfi«^  ^qur^terl  by  Wkrkham  and  I>efrrai>  . 

Allfiaiiia  CaTernosiuiL  -In  this  t\-pe  of  aninoma  the  deep  vesi^ek. 
#^|ier'jall\'  the  vein?^,  are  invrjve*!.  The  lesfion-  consist  erf  jcift  tumors 
whK4i  van  in  -ize  fnmi  a  fjea  to  a  silver  dollar.  r>C'ca:^ioRaUy  they  are 
niij^'h  lar^^fT  and  may  even  invrjve  the  greater  part  cjf  the  face.  The 
tumor  may  proji-it  well  alx>ve  the  i>urface  of  the  »kin  or  the  elevation 
may  U'  only  slight,  ^llie  overlying  skin  may  be  normal:  often  it  is 
the  nite  of  nevus  vavulosuh.  Not  infrequently  lesions  aie  entrHinteieii 
on  the  t/>ngue,  mueous  .surfaces  of  the  cheeks,  the  labia,  etc.  Ca?es 
are  w*#'fi  where  the  entire  thickness  of  the  cheek  is  involveil  in  the 
growth,  Tavenious  angiomata  are  found  on  nearly  all  parts  of  the 
IxKly,  The  sill's  of  prerhlection  are  perhaps  the  face  and  scalp.  This 
ty|K*  iff  nevus  is  exrwdingly  common  in  infants  and  children,  less  com- 
mon in  adults.  The  explanation  is  that  many  such  lesions,  especially 
when  small,  unrlergo  a  slow  sfKintaneous  involution  or  are  cured  as  a 
result  of  acrirjental  traumatism  or  ulceration. 

The  fart  that  tlicM*  lesions  may  sjKintaneously  involute  ithe  author 
has  s<*en  such  involution)  makes  it  unwise  to  employ  any  method  of 
treatment  that  might  eventually  terminate  in  objectionable  sequehe. 
S|Nintaneous  cure  is  likely  to  he  incomplete,  excee<lingly  slow  and  it  is 
often  followed  by  scarring.  The  deeper  lesions  are  li!  ely  to  remain 
throughout  life.  For  these  reasons  treatment  is  indicated,  but  it 
should  Iw  associated  with  caution  and  gfKKl  judgment. 

Srruill  lesions  can  be  totally  eradicated  by  l>oth  j--rays  and  radium. 
Kxtensivc  and  (IccjKscatcd  lesions  can  be  either  eradicated  or  greatly 
improved.  There  is  no  doubt  but  that  beta  rays  are  by  far  more 
efficacious  than  arc  .r-rays  or  gamma  rays  when  the  lesion  has  a  depth 
of  not  more  than  two  or  three  centimeters.  For  deeper  lesions  there 
s<'cnis  to  be  little  if  any  difVerence  between  the  effect  obtained  with 
j'-ra.N's  or  gannna  rays. 

All  the  authors  so  far  mentioned  in  this  chapter  have  obtaintnl 
nnignificcnt  results  with  radium.  Pus(»y  and  others  have  demon- 
strated excellent  results  with  the  .r-rays.  The  author  prefers  and 
advises  radium  in  the  treatment  of  angioma  cavernosum.  It  is  the 
nH'tluMJ  of  election  for  this  condition. 

Flat  applicators  are  suitable  for  most  cases,  and    the    applicator 


lulii  be  screened  with  from  -fn  tu  1  mm.  of  aluiiiiriiLiii,  dc[)ciidinj; 
>n  the  depth  uf  the  almurmal  tissue.  The  dose  should  be  just  a 
[e  less  than  the  amount  retiuired  for  a  first-degn-e  reaction  and  it 
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inav  be  repeated  every  three  or  four  weeks.     If  the  skin  is  involved, 

the?'  redness  disappears  in  two  or  three  treatments  but  it  may  require 

f  ^oni  four  to  twelve  treatments  to  cause  the  complete  disappearance  of 

tVLe-  underlying  tumor.     The  number  of  treatments  required,  omitting 

'te^c-linieal  errors,  will  vary  with  the  size  and  depth  of  the  lesion.   Lesions 

*«^  «dults  are  more  recalcitrant  than  are  those  in  children.    The  author 

'^  as  encountered  deep-seated  cavernous  nevi  in  adolescents  and  adults 

^hat  were  so  stubborn  that  it  was  necessarv  to  discontinue  treatment 

m  order  to  prevent  undue  injury  to  the  skin. 

In  some  locations,  such  as  the  cheeks  and  vulva,  the  lesion  may  be 
cross-fired  to  advantage,  (^avernous  nevi  situated  on  the  scalp,  when 
^'"eated  with  a*-rays  or  radium,  may  be  followed  by  permanent  alopecia. 
However,  the  author  has  been  surprised  in  a  number  of  instances  to 
^^^^  a  go(Kl  growth  of  hair  subsequent  to  the  complete  eradication  of 
larg<>  cavernous  angiomata  on  the  scalp  of  infants. 

The  results  sometimes  obtained  in  this  type  of  nevus  are  astonishing. 
*  t^otographs  published  by  Simpson  and  especially  by  Wickham  and 
*^egrais  depict  results  that  are  not  less  than  marvelous.  The  author, 
^Veral  years  ago,  treated  a  baby  who  had  a  facial  cavernous  angioma 
**^  such  extent,  irregularity  and  depth,  as  to  constitute  a  monstrosity. 
I^^<»atment  over  a  period  of  fourteen  months  with  beta  and  gamma  rays 
Completely  eradicated  the  nevus  without  visible  injury  to  the  skin. 
I^efore  a  photograph  could  be  obtained,  however,  the  child  died  of 
PMeumonia  contracted  during  the  epidemic  of  influenza  at  the  close 
<>f  the  War. 

For  additional  details  relative  to  filtration,  administration  of  radiation 
to  convex  surfaces  and  inaccessible  locations,  cross-fire,  protection  of 
Unaffected  parts,  etc.,  the  reader  is  referred  to  the  chapters  on  Radium 
Technic,  Filtered  X-rays  and  General  Therapeutic  Considerations. 
Suffice  it  to  say  here  that  the  most  important  desideratum  is  to  eradicate 
the  ne\'us  without  causing  the  undesirable  sequelae  that  are  so  likely  to 
be  the  result  of  strenuous  treatment  with  j-ray  or  radium.  If  it  is 
determined  that  a  given  angioma  will  not  disai)pear  without  an  amount 
of  treatment  that  may  seriously  injure  the  skin,  it  is  advisable  to  dis- 
continue the  use  of  radiation.  In  recalcitrant  cases  it  is  often  imj)os- 
sible  to  obtain  complete  involution  without  some  visible  atrophy. 
In  fact  it  is  difficult  in  such  instances  to  ascertain  how  much  disfigure- 
ment is  due  to  the  former  nevus  and  how  much  is  due  to  the  treatment. 
While  it  may  be  impossible  in  some  cases  to  avoid  slight  wrinkling  of 
the  skin  it  is  possible  to  avoid  telangiectasia  and  especially  the  more 
serious  keratoses.  The  ()}>erator  should  strive  for  good  cosmetic- 
results  in  all  cases.  Almost  every  roentgenologist  or  radiologist  can 
show  a  photograph  of  a  few  excellent  results.  We  do  not  hear  so  much 
about  the  one  or  two  patients  who  had  disfiguring  sequehe.  It  is  better 
to  fail  in  a  number  of  instances  without  doing  harm  than  it  is  to  cure 
several  cases  and  have  one  patient  with  disfiguring  and  even  dangerous 
sequelae.  The  tumors  should  be  closely  shielded;  the  normal  skin 
must  not  be  included  in  the  field  of  radiation. 
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LYMPHANGIOMA. 

The  author  has  not  been  able  to  modify  the  lesions  of  iNinphanpoma 
cavernosum  in  infants  and  children  with  either  x-rays  or  radium.  Only 
3  cases  were  treated  and  it  is  possible  that  a  wider  experience  might 
lead  to  the  development  of  a  technic  that  will  give  more  encouraging 
results.  Gordon  cured  1  case  of  hinphangioma  of  the  tongue  with 
radium.    Abbe  cured  2  cases. 

Several  cases  of  Ivinphangiectodes  (Ivinphangioma  circumscriptum) 
have  been  successfully  treated  with  both  x-rays  and  beta  rays  of  radium, 
but  they  have  not  responded  as  quickly  as  have  the  vascular  nevi. 
The  lesions  were  situated  both  on  the  skin  and  the  buccal  mucosa. 

Abbe  cured  6  cases  with  beta  rays.  McEwen  reports  improvement 
in  1  case  treated  with  .r-rays.  Hartzell,  Knowles,  Ormsby,  and 
Engman  and  Mook  have  cured  cases  with  x-rays.  In  1  of  Engman 
and  Mook's  patients  the  lesion  occupied  most  of  one  side  of  the  abdo- 
men.    Simpson  reports  the  cure  of  a  very  large  lesion  with  radium. 

The  author  has  had  better  results  with  penetrating  beta  rays  than 
with  x-rays.  In  all  instances  considerable  treatment  was  required. 
The  technic  of  application  and  precautions  to  be  taken  are  the  same 
as  with  vascular  nevi  and  need  not  be  repeated  here. 

Two  cases  of  angiolymphangioma  or  hemangioma  were  successfully 
treated  with  radium.  Dominici,  Cheron  and  Barbarin  cured  an 
extensive  case  of  hemolymphangioma  with  radium.  The  tumor 
occupied  the  right  side  of  the  neck  and  extended  to  the  chest. 

NEVUS  PIGMENTOSUS. 

Wickham  and  Degrais,  Abbe  and  others  have  removed  pigmented 
nevi  with  beta  rays  of  radium,  and  Pusey  and  others  have  accomplished 
the  same  results  with  x-rays. 

The  author  has  given  both  agents  a  fair  trial  in  nevus  pigmentosus. 
There  was  no  noteworthy  amelioration  unless  the  treatments  vv^ere  of 
sufficient  strength  to  effect  a  sharp  reaction  and  the  author  is  opposed 
to  such  treatment  for  pigmented  nevi. 

A'-rays  and  radium  may  be  employed  to  depilate  the  hair  in  nevus 
pigmentosus  et  pilosus,  and  then  some  other  method  can  be  used  to 
destroy  the  nevus  (see  under  Nevus  Pilosus). 

It  has  been  said  that  moles  will  disappear  under  the  influence  of 
radium  treatment.  The  author  tried  both  beta  rays  and  gamma  rays 
w  ithout  result.  I'he  doses  used  were  within  the  amount  necessarv  to 
evoke  a  first-degree  reaction. 

Moles  and  pigmented  nevi  are  endothelial  or  epithelial  growths, 
benign  in  character  it  is  true,  but  potentially  dangerous.  They 
should  be  totally  eradicated  or  left  alone.  Their  total  eradication  with 
radium  means  the  possibility  of  sequel*  that  may  be  also  potentially 
dangerous. 

llie  author  is  of  the  opinion  that  x-rays  and  radium  are  not  indicated 

the  trea^  levus  pigmentosus. 
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NEVUS  PILOSUS. 

A  growth  of  hair  in  a  restricted  area  of  skin  that  is  usually  free  of 
hair,  may  or  may  not  be  associated  with  pigmentation  of  the  skin. 
In  other  words  we  may  have  a  nevus  pilosus  or  a  nevus  pilosus  et 
pigmentosus. 

In  the  latter  there  is  a  difference  of  opinion  as  to  whether  the  hair 
should  be  removed  with  radiation  or  with  electrolvsis.  Manv  derma- 
tologists  aver  that  the  electrolytic  needle  should  never  he  inserted  into 
a  mole  or  any  kind  of  a  pigmented  nevus.  Others  claim  that  there  is 
more  danger  associated  with  irradiation  than  with  electrolysis.  The 
author  is  unable  to  decide  this  important  point;  he  has  not  seen  any 
serious  consequences  from  either  method. 

It  is  possible  to  effect  a  permanent  loss  of  hair  without  more  than 
almost  imperceptible  \\Tinkling  or  atrophy  of  the  skin.  The  amount 
of  wrinkling  will  depend,  if  correct  technic  can  be  assumed,  largely 
upon  idiosyncratic  tendencies  and,  also,  upon  the  location.  How-ever, 
the  work  is  associated  with  considerable  difficulty.  The  author  has 
never  been  able  to  depilate  the  hair  from  a  hairy  nevus  situated  on  the 
face,  with  a  single  x-ray  treatment  without  producing  a  first-degree 
reaction.  The  reader  is  advised  not  to  attempt  such  treatment.  It  is 
not  good  policy  to  belittle  a  mild  first-degree  reaction  on  exposed  parts 
of  the  bocly.  There  are  a  number  of  persons  who  had  a  hairy  nevus  on 
the  face  and  who  now  have  an  area  of  telangiectasia.  The  hair  could 
have  been  destroyed  or  removed  in  some  other  way,  the  telangiectasia 
is  more  disfiguring  and  in  many  instances  it  cannot  be  removed. 

The  aflFected  part  should  be  properly  shielded  and  fractional  doses 
of  o'-rays  administered  at  intervals  of  five  days  until  defluvium  occurs. 
After  this  it  is  necessary  to  administer  a  suberythema  dose  once  a 
month  until  the  hair  bulbs  have  been  destroyed— this  will  vary  from 
six  to  twelve  m(mths?.  For  further  technical  details  relative  to  the 
production  of  j*-ray  defluvium  see  chapter  on  Hypertrichosis,  Tinea 
Tonsurans  and  Sycosis  Vulgaris. 
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The  thickened  hornv  laver  of  ichthvosis  vulgaris,  ichthvosis  hvstrix, 
ichthyosiform  erythroderma,  etc.,  will  often  shed  after  one  intensive 
or  several  fractional  doses  of  o^-rays  or  radium.  The  skin  then  has  a 
normal  appearance.  The  benefit  is  of  little  value,  however,  as  in  all 
cases  so  far  treated  there  has  l>een  a  recurrence  within  a  few  weeks. 

The  same  may  be  said  regarding  verrucous  nevi  and  congenital  kera- 
toderma  palmaris  et  j)lantaris.  In  all  cases  treated  by  the  author  the 
benefit  has  been  but  temporary-.  A  permanent  effect  might  be  obtained 
with  doses  sufficient  to  pnxluce  a  severe  reac^tion,  but  such  treatment  is 
not  warranted.  Dohi  and  Mine  caused  the  disiippearance  of  the  thick- 
ened horny  layer  in  cases  of  palmar  and  plantar  keratoderma  with  b< 
a--rays  and  radium.    The  original  article  is  not  available  and  notL 
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is  said  iii  the  abstract  relative  to  permaneiioy.  Allen  treated  rases  of 
verrucous  nevus  and  while  he  was  able  to  improve  the  lesions,  the 
results  did  not  warrant  advocacy  of  the  method.     Wickham  and  l>e- 


grais  report  permanent  cures  in  cases  of  linear  verrucous  nevus  and 
angiokeratoma.  Wise  treated  2  cases  of  linear  verrucous  nevus  with 
unfiltercd  j--rays,  but  obtained  no  benefit. 
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Monilethrix.— ('iarr(K*chi  claims  to  have  cured  one  case  of  monil- 
ethrix with  j*-rays.  Low  noted  a  disappearance  of  the  associates! 
keratosis  pilaris  and  more  normal  hairs  than  before  the  a--ray  treatment, 
but  the  patient  was  not  cured.  Guszmann  failed  to  obtain  any 
improvement.  The  author  depilated  2  scalps  of  patients  afflicted 
with  monilethrix,  with  the  same  technic  as  used  in  tinea  tonsurans. 
When  the  hair  returned  the  beaded  hairs  appeared  to  be  as  numerous 
as  before  the  treatment.  The  associated  keratosis  pilaris  disapi>eared 
for  a  time  but  it,  too,  returned. 

There  has  been  no  personal  experience  with  o^-rays  or  radium  in  the 
treatment  of  keratosis  pilaris  of  the  bcnly  nor  has  any  reference  been 
found  in  the  literature  other  than  those  quoted  supra. 

Adenoma  Sebaceum.  —  The  author  treated  2  cases  of  adenoma 
sebaceum  with  beta  rays  of  radium  and  1  case  with  unfiltered 
j*-rays.  There  was  no  improvement.  Ormsby  reports  a  similar 
experience. 

Telangiectasia. —Telangiectasis  may  be  congenital  or  acquired. 
These  conditions,  in  the  author's  experience,  cannot  be  eradicated  with 
.r-rays  or  radium  without  effecting  unwarranted  reactions.  These 
statements  apply,  also,  to  the  so-c*alled  spider  nevus.  Axmann, 
however,  has  successfully  removed  telangiectasia  with  radium.  Much 
better  results  have  been  obtained  with  ultraviolet  ravs  (see  Chapter 
XV). 
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CHAPTER  XXXIl. 

BENIGN  NEW  GROWTHS.* 

Many  diseases  classified  pathologically  as  benign  new  growths  will 
be  found  discussed  in  other  chapters.  Some  of  the  affections  in  this 
chapter  are  granulomata.  The  grouping  used  by  the  author  is  largely 
one  of  convenience— in  other  words  it  is  a  convenient  grouping  rather 
than  a  scientific  classification.  The  entities  discussed  in  this  chapter 
are: 

1.  Keloid. 

2.  Dermatitis  Papillaris  Capillitii. 

3.  Rhinoscleroma. 

4.  Molluscum  Contagiosum. 

5.  Xanthoma. 

G.  Fibroma;  Neuroma;  Myoma. 

7.  Lipoma. 

8.  Multiple  Benign  Cystic  Epithelioma  and  Allied  Conditions. 

9.  Leprosy. 
10.  Syphilis. 

n.  Ulcerating  Granuloma  of  the  Pudenda. 

KELOID. 

I'llmann,  Hahn,  Albers-Schonberg,  Taylor,  Harris,  Crocker,  Morton, 
Pusey,  Edwards  and  Allen  were  the  first  to  report  the  usefulness  of 
a:-rays  in  the  treatment  of  keloids  and  hj-pertrophic  scars.  I'llmann 
noted  the  improvement  in  scar  tissue  while  treating  lupus  vulgaris 
and  suggested  that  the  a:-rays  be  tried  in  keloidal  tissue  from  other 
causes. 

Williams  was  the  first  to  employ  radium  for  this  purpose.  Wickham 
and  Degrais  a  few  months  later,  reported  the  successful  treatment  of  a 
number  of  cases. 

Today  there  is  a  pretty  general  agreement  that  irradiation  alone  in 
most  cases  and  combined  with  surgery  in  some  cases,  constitutes  the 
best  meth(xl  of  combating  keloid  and  hypertrophic  scar.  It  is  the  only 
method  of  treatment  that  insures  against  recurrence. 

Clinical  Types.— Dermatologists  recognize  two  types  of  keloid:  true 
spontaneous  or  idiopathic  keloid  and  keloid  that  develops  in  a  scar. 
The  latter  are  called  hypertrophic  scars.  Inasmuch  as  the  effect  of 
irradiation  is  the  same  in  both  tyi)es  it  is  not  necessary  to  discuss  them 
separately. 

»  For  oxplanatiun  of  terms  used  in  this  chapter  to  cxpres-s  dosaRe  see  Chapters  X 
and  XIX. 
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Keloids  may  range  from  a  slight  thickening  of  scar  tissue  to  great 
tumors  the  size  of  an  adult  male  fist  and  even  larger.  They  may 
consist  of  a  well-defined  tumor  arising  from  a  tiny  scar  or  they  may  be 
spread  over  very  large  surfaces  as  is  so  frequently  seen  in  keloids 
following  burns.  There  maj'  be  keloidal  bands  which  cause  disfigure- 
ment by  displacing  the  soft  parts  such  as  the  mouth,  eyelid.s,  etc. 


l"ii^  mU.— Siinip  Ev-  I'iji.  I'JS,  ufl'T  tc'ii  -iiUiiiii'iisive.  filUTfd  i-ray  tn-ulinciilB, 

Keloids  may  be  red,  brown,  or  the  color  of  normal  skin.  I'sually 
they  are  telangiectatic.  At  times  they  are  iieduncutated.  They  may 
be  sensiti^■e  to  pressure.  Keloids  that  have  existed  for  a  long  time, 
and  keloids  that  have  evolved  very  slowly  are  likely  to  be  firm,  even 
hard.  Recent  keloids  and  those  of  comparati\'ety  rapid  growth  are 
much  less  hard  to  the  palpating  finger. 

These  facts  are  of  importance  to  the  roentgenologist.  Young, 
small,  rap  idly -growing  keloids  involute  rapidly  when  irratliateil. 
Larger  growths,  older  growths  and  those  that  evolve  very  slowly  may 
be  recalcitrant.  The  other  manifestations,  such  as  ( 
and  t  clan  {^ectasia,  will  be  discussed  later. 
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Comparison  ol  Irradiatioii  with  o&et  Hetiwds.— Surger\'  does  not  give 
goo*)  results  because  recurreTice  is  common  and  the  recurrence  is  likely 
to  be  much  worse  than  the  original  growth.  Carhon  dioxide  snow  has 
many  advocates,  especiallj'  for  small  keloids,  but  here  t(H)  recurrences 
are  common.  Electrolysis,  cauterization  and  other  measures  may 
also  give  good  results  in  selected  cases.  However,  any  method  of 
treatment  ithat  produces  a  wound,  i.  e.,  that  is  traumatic,  is  likely  to 
be  folIowe<l  by  a  keloid  that  is  larger  than  the  one  removed.  Irradia- 
tion is  the  only  known  method  of  treatment  that  will  positively  preclude 
recurrence.  The  cosmetic  result  is  better  as  a  rule  after  irradiation 
than  iiftcr  other  forms  of  treatment  but  this  is  not  always  so. 


Prophylactic  Treatment.— Keloids  occur  only  in  persons  who  are 
idiosyiKTatic,  i.  e.,  persons  who  have  a  keloidal  tendency.  Years 
iigo  the  author  whs  of  the  opinion  that  the  irradiation  of  a  healed  wound 
occurring  in  an  idiosyncratic  person  would  prevent  the  subsequent 
development  of  keloid.  It  has,  however,  been  necessary  to  modify 
this  opinion.  That  a  keloid  may  develop  in  tissue  that  has  been 
extcnsi\e!y  irradiated  is  shown  by  the  following  cases: 


Case  1,S,--.\  viiung  won 
tlie  ti!U'ioiiil)ifll  fold.  Thp  ■ 
williout  favorable  results. 


[|  hlKl 


epitlielioma  (basal-cell  type)  situated  in 
was  given  four  intensive  x-ray  treatments 
then  removed  with  the  curette  and  acid 
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nitrate  of  mercury  was  applied  to  the  floor  of  the  wound  for  fifteen  minutes. 
The  resulting  crust  did  not  fall  off  for  two  months  at  which  time  there  appeared 
a  rapidly  growing  keloid,  the  diagnosis  of  which  was  confirmed  by  a  biopsy. 
The  keloid  disappeared  as  a  result  of  two  suberythema  doses  of  x-rays.  There 
has  been  no  recurrence  of  either  the  epithelioma  or  of  the  keloid  during  a  period 
of  five  years. 

Case  19. — An  attempt  had  been  made  to  remove  a  mole  from  the  chin  of  a 
woman  of  middle  age.  After  three  intensive  treatments  the  lesion  was  excised. 
The  excision  was  followed  by  a  keloid  which  also  was  excised.  A  recurrence 
took  place.  The  new  keloid  was  treated  successfully  with  x-rays.  There  has 
been  no  recurrence. 

Case  20. — A  young  woman  had  received  x-ray  treatment  in  Germany  for 
lupus  vulgaris  of  the  left  cheek.  When  seen  by  the  author  there  was  no  evi- 
dence of  lupus  but  there  were  numerous  x-ray  sequela; — atrophy,  telangiec- 
tasia and  keratoses.    Part  of  the  scar  was  keloidal. 

Newcoraet  reports  the  development  of  a  large  keloid  following  the 
\ery  vigorous  application  of  radium  to  a  port-wine  mark. 

While  it  must  be  admitted  that  irradiation  is  not  a  true  prophylactic 
against  the  development  of  keloid,  it  is  nevertheless  of  great  value  for 
this  purpose  if  employed  at  the  proper  time.  When  removing  keloids 
by  excision  Pfahler  recommends  the  administration  of  a  suberythema 
dose  just  prior  to  the  operation  and  additional  treatment  at  the  slight- 
est evidence  of  recurrence.  Preliminary  treatment  may  be  of  value 
when  a  keloid  is  already  present,  but  it  is  doubtful  if  such  preliminary 
treatment  would  prevent  the  evolution  of  a  keloid  subsequent  to 
trauma  occurring  in  an  idiosyncratic  person.  In  fact  the  author 
doubts  the  value  of  preliminary  irradiation  even  when  a  keloid  is  to  be 
excised  excepting  for  the  purpose  of  promoting  the  involution  of  keloidal 
tissues  that  may  escape  the  knife. 

Pfahler  scores  a  very  good  point  when  he  advocates  the  early  diag- 
nosis and  irradiation  of  keloid.  If  surgeons  would  recognize  hyper- 
trophy of  scar  tissue  as  soon  as  clinically  manifest  and  have  the  area 
irradiated  at  once,  it  would  probably  not  require  more  than  two  or 
three  suberythema  api)lications  to  prevent  further  development  and 
to  cause  the  disappearance  of  the  infiltration. 

It  is  doubtful  if  a  single  treatment  with  .r-rays  or  radium,  subse- 
quent to  traumatism  but  prior  to  clinical  thickening  of  the  scar,  would 
prove  of  value  in  preventing  keloid.  Furthermore,  there  is  no  cer- 
tainty that  a  keloid  will  return  after  excision,  or  that  it  will  develop 
after  traumatism  in  an  idiosyncratic  person.  The  best  prophylactic 
procedure,  therefore,  seems  to  be  to  await  the  first  manifestation  of 
keloidal  evolution.  One,  two  or  three  suberythema  doses  of  either 
a--rays  or  radium  will  then,  in  all  probability  prevent  further  develop- 
ment and  cause  involution  of  the  clinical  thickening  of  the  scar. 

Combined  Treatment.— Large  keloids  cannot  be  removed  by  irradia- 
tion without  danger  of  leaving  undesirable  and  even  serious  sequelee* 
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Such  keloids  should  be  removed  surgically  and  irradiation  employed 
as  a  prophylactic.  As  pointed  out  by  Pfahler,  it  is  not  necessary  to 
make  a  wide  excision;  endeavor  to  obtain  a  good  cosmetic  result;  it 
does  not  matter  if  keloidal  tissue  is  left  in  situ.  When  the  growth  is 
situated  in  an  inaccessible  location  it  may  be  possible  to  do  no  more 
than  to  cut  away  the  bulk  of  the  mass,  the  wound  being  allowed  to 
granulate.  As  mentioned  supra  Pfahler  rea)mmends  a  preliminary 
suber>i:hema  dose.  After  the  operation,  if  keloidal  tissue  has  been 
left  in  sitv,  monthly  suberythema  exposures  are  made  for  three  or  four 
months.  If  the  excision  has  been  complete  the  patient  should  be  kept 
under  observation  and  irradiation  delayed  until  there  is  clinical 
evidence  of  thickening,  when  a  few  suberythema  or  semi-intensive 
applications  will  usually  suffice  for  the  desired  result. 

Sequelae.— It  is  uncommon  to  have  a  well-developed  keloid  involute 
\vithout  leaving  a  cosmetic  defect.  This  defect  may  consist  of  a  scar, 
more  or  less  atrophy  and  perhaps  telangiectasia.  We  are  not  discuss- 
ing or-ray  and  radium  sequelae.  It  should  be  appreciated  that  these 
defects  are  caused  by  the  disease— not  by  the  treatment.  Of  course, 
irradiation  can  effect  the  same  sequelse— atrophy,  telangiectasia,  depig- 
mentation, etc.  A'-ray  telangiectasia  occurs  more  often  in  keloid 
than  in  anv  other  affection. 

Results.— The  results  of  irradiation  in  most  types  of  keloid  are 
exceedingly  gratifying.  Small  keloids  (split  pea  to  dime)  will  disappear 
in  from  one  to  three  or  four  subintensive  treatments  with  little  if  any 
disfigurement,  especially  if  they  have  existed  for  only  a  few  months. 
One  must  not  expect  to  have  large  and  older  keloids  disappear  without 
leaving  some  scarring  or  atrophy  and  perhaps  a  few  dilated  vessels. 
Furthermore,  such  keloids  require  considerably  more  treatment. 
Growths  the  size  of  a  silver  dollar,  or  the  palm  of  a  hand,  may  require 
as  many  as  eight,  ten  or  twelve  suberythema  treatments  over  a  period 
of  a  year  or  more.  This,  of  course,  will  depend  partly  upon  the  thick- 
ness of  the  gro\^i:h.  A  widespread  but  not  thick  keloid,  one,  for 
instance,  that  occupies  the  entire  chest,  will  flatten  to  the  niveau  of  the 
skin  when  properly  irradiated.  On  the  other  hand,  quarter  to  palm- 
sized  tumors  that  are  from  ^  to  1  inch  or  more  in  thickness  may  not 
disappear  under  an  amount  of  radiation  that  is  within  the  limits  of 
safety.  Such  tumors  may  be  treated  surgically  and  irradiation 
employed  as  a  proj^hylactic. 

Keloidal  bands,  irregular  keloidal  masses  scattered  over  an  extensive 
surface,  and  old,  hard  keloids,  even  when  only  slightly  elevated,  are 
very  recalcitrant  and  good  judgment  and  considerable  caution  is 
required  in  order  to  avoid  disfiguring  and  dangerous  sequelae. 

The  erythema  that  is  associated  with  some  keloids  may  or  may  not 
disai)pear  during  the  treatment.  I'sually  it  does  not  disappear  until 
several  months  after  the  last  treatment.  Pain,  if  present,  usually 
disappears  after  the  first  few  treatments. 

After  involution  of  a  keloid,  subsequent  to  irradiation,  the  skin  or 
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the  scar  is  usually  soft  and  pliable.    Contractions  (ectropion,  etc.)  are 
therefore  prevented. 

Technic— (X-rat/*).— It  is  absolutely  essential  that  the  normal  skin 
to  the  very  edge  of  the  lesion  be  shielded  with  lead  foil.    Fractional 
treatment  or  semi-intensive  treatment  may  be  given.    The  author 
prefers  subintensive  treatment  every  four  to  six  weeks.    An  erythema 
is  to  be  avoided  if  possible.    The  tumor  will  involute  more  rapidly 
under  larger  doses  but  the  end-result  may  be  undesirable  (sequelae), 
^t  is  difficult  to  set  the  maximum  number  of  such  treatments  in  obsti- 
nate cases.    Twelve  treatments  might  be  considered  as  the  limit.     If 
the  keloid  has  not  disappeared  as  a  result  of  such  treatment  it  probably 
^'ill  not  improve  with  a  continuation  of  the  treatment.    The  exact 
dose  will  depend  upon  the  age  of  the  patient  and  the  location  of  the 
'^doid.    A  lesion  on  the  back  of  an  adult  male  brunette  will  often 
tolerate  Hli  S.  D.,  unfiltered  (H2i  S.  D.  filtered)  without  effecting  an 
^O'thema.    A  sinailar  tumor  situated  on  the  face  of  a  young  girl  or  a 
^hild  may  not  tolerate  more  than  one-half  of  this  dose.     (See  chapter 
^^  Idiosyncrasy.)     During  the  course  of  treatment  the  skin  should 
■^  observed  frequently  and  carefully  for  evidence  of  injury. 

I'nfiltered  radiation  may  be  employed  for  prophylactic  treatment, 
[^i*  small  keloids  that  are  not  of  long  duration,  and  for  widespread 
hypertrophic  scars  that  are  only  slightly  elevated.  If,  however,  the 
^^ssue  is  thick,  it  is  advisable  to  filter  with  3  mm.  of  aluminium. 

Badinin.— In  reviewing  the  work  of  Abbe,  Simpson  and  others,  one 
^s  led  to  believe  that  radium  is  superior  to  a--rays  in  the  treatment  of 
•keloid.  Knox,  who  had  the  opportunity  of  treating  many  keloidal 
Scars  during  the  War,  does  not  mention  any  difference  in  the  efficacy 
of  x-rays  and  radium.  His  results  in  the  use  of  both  of  these  agents 
as  an  aid  to  cosmetic  surgery  of  the  face  following  gunshot  wounds  are 
nothing  less  than  remarkable.  The  author  has  failed  to  note  any 
difference  in  eflBcacy  between  x-rays  and  gamma  ra\'s.  Hypertrophic 
scars  or  keloids,  when  the  pathological  tissue  is  less  than  a  centimeter 
in  thickness,  seems  to  do  better  under  beta-ray  treatment. 

Radium  is  more  easily  applied  to  lesions  in  locations  where  it  would 
be  diflScult  to  administer  x-rays.  Also  in  long,  linear  keloids  and 
lesions  of  unusual  shape.  In  some  instances  it  is  possible  to  cross-fire 
with  a  combination  of  x-rays  and  radium.  Knox  used  this  methcxi  to 
good  advantage  in  the  extensive  and  deep-seated  keloichd  masses  de- 
veloping in  the  cheeks.  Radium  was  placed  in  the  mouth  and  x-rays 
were  applied  to  the  external  surface  of  the  cheek. 

Flat  radium  applicators  are  usually  employed  when  treating  keloid 
with  radium.  In  all  cases  the  "soft"  beta  rays  should  be  eliminated 
by  suitable  screening.  If  the  lesion  is  more  than  1  cm.  thick  only 
gamma  rays  should  be  used.  Tubular  applicators  are  of  service  in 
linear  lesions.  The  glass  wall  of  the  tube  will  provide  sufficient  filtra- 
tion for  these  lesions.  In  general  the  advice  given  relative  to  the 
x-rav  treatment  of  keloid  holds  for  radium  when  used  for  the  same 
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purpose.  For  further  technical  details  the  rcitder  is  referred  to  the 
chapters  on  Radium  Technicand  General  Tlierapeutii-  Cinisiderations. 
Wiekhani  and  Degrais  report  a  remarkiiMi'  rase  of  keloid  of  the 
inucmis  membrane  of  the  upper  lip  whieh  they  eured  with  radium. 
The  case  is  remarkable  because  kehm!  very  rarely  develops  in  the 
mucous  membranes. 


P 


DERMATITIS  PAPOLARIS  CAPHilTD. 

It  is  remarkable  how  few  refereneefi  there  are  iti  the  literature 
relative  to  the  treatment  of  this  disease  with  j-rays.  Most  of  the 
books  on  roentgen  therap>'  and  radium  therapy  fail  to  even  mention 
the  disease.     On  the  other  hand  practically  all  of  the  dennatological 
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^ext-books  recommend  the  use  of  the  ar-rays,  stating  that  the  progress 

^^  the  disease  can  be  checked  and  the  keloidal  scars  reduced  in  size. 

^-  H.  Fox  was  apparently  the  first  to  use  a:-rays  in  this  aflFection  while 

^^ickham  and  Degrais  were  the  first  to  treat  the  disease  with  radium. 

Dermatitis  papillaris  capillitii  (acne  keloid)  is  usually  situated  on 

the  back  of  the  neck— the  nucha.    In  the  early  stage  of  evolution  the 

^fuption  consists  of  extremely  hard,  pinhead-sized  papules  which  are 

situated  in  the  follicular  orifices.    There  are  occasional  pustules. 

Ine  hairs  are  twisted,  dry  and  break  readily.    At  first  the  elementary 

lesions  are  discrete,  later  they  become  closely  aggregated  and  finally 

they  coalesce  into  keloidal  masses  that  may  range  in  size  from  a  split 

P^a  to  a  walnut  and  even  the  size  of  an  adult  male  fist.    The  evolution 

IS  slow;  it  is  usuallv  several  vears  before  the  keloidal  lesions  become  very 

^arge. 

I'  the  disease  is  irradiated  during  the  papular  stage  it  may  be 
aborted  and  permanently  eradicated  as  a  result  of  from  one  to  three 
fi^berj  thema  applications  at  monthly  intervals.  The  back  of  the  neck 
'^  adults  will  usually  tolerate  HI  S.  I).,  unfiltered,  without  provoking 
?^  er^\thema.  The  same  results  will  follow  fractional  and  semi- 
^Jj^ensive  treatments.  It  is  not  necessary  nor  advisable  to  employ 
Altered  a:-rays. 

^  After  the  advent  of  the  keloidal  stage  the  disease  is  more  recalcitrant, 
,  ^^  degree  of  resistance  depending  upon  the  duration  and  size  of  the 
*^^loidal  tumors.  In  this  stage  filtered  radiation  is  indicated  and  the 
^^hnic  does  not  differ  from  that  given  for  keloids.  Large  tumors 
^ay  be  excised  or  reduced  in  size  by  some  other  method  and  radiation 
Applied  to  effect  complete  involution  and  to  eradicate  the  disease. 

In  the  early  stage  it  is  possible  to  preserve  most  if  not  all  of  the  hairs. 
In  the  later  stage  it  is  usually  necessary  to  push  irradiation  to  the 
Point  of  permanent  alopecia.  In  this  connection  it  should  be  recalled 
that  the  disease  itself  destroys  most  of  the  hair  follicles. 

The  disease  may  occupy  the  entire  nucha  and  may  involve  the 
lateral  surfaces  of  the  neck.  This  constitutes  a  large  convex  surface 
which  requires  two  exposures,  one  for  each  side,  the  oblique  rays  being 
allowed  to  overlap  in  the  center.  All  parts  not  affected  by  the  disease 
should  be  shielded,  special  attention  being  given  to  the  scalp  hair. 

Radium.— The  results  of  radium  treatment  are  the  same  as  those* 
obtained  with  the  x-rays.  In  the  early  stage  ''hard"  beta  rays  are 
employed,  the  "soft*'  beta  rays  being  eliminated  by  means  of  a  screen 
of  from  1^  to  J  mm.  of  aluminium.  Thick  keloidal  masses  should  be 
treated  with  gamma  rays. 
The  points  to  be  emphasized,  in  the  treatment  of  this  aflFection  are: 

1.  Early  diagnosis  and  early  institution  of  roentgen  therapy  or 
radium  therapy. 

2.  Avoid  even  first-degree  reactions. 

3.  In  order  to  avoid  long-continued  treatment  with  the  possibility 
of  undesirable  sequelae,  it  is  often  advisable  to  first  treat  large  kelodial 
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masses  with  some  surgical  method  and  then  irradiate  for  the  purpose 
of  thoroughly  eradicating  the  disease. 

The  author  has  never  seen  or  heard  of  a  recurrence  after  a  clinical 
cure.  Irradiation  gives  l)etter  results  than  can  be  obtained  with  any 
other  methcnl.  Such  treatment  may  be  depended  upon  to  cure  every 
case.     It  is,  therefore,  the  method  of  election. 

Before  treating  a  case  of  this  disease  with  either  a*-rays  or  radium 
the  beginner  should  read  the  portion  of  this  chapter  dealing  with 
Keloids,  also  the  chapters  on  General  Therapeutic  Considerations, 
Idiosyncrasy,  Radium  Technic,  and  A'-ray  Technic,  both  Filtered 
and  Unfiltered. 

RHINOSCLEROMA. 

This  annoying  and  heretofore  intractable  disease  can  be  permanently 
cured  with  .r-rays  or  radium.  In  the  early  granulomatous  stage  the 
affection  yields  quickly  to  treatment.  In  the  later  stage,  when  the 
nose  is  greatly  enlarged  and  the  tissue  is  stone-like  in  consistence,  the 
disease  is  more  recalcitrant. 

Ranzi,  in  19()4,  appears  to  have  been  the  first  to  establish  a  literary 
record  of  the  a*-ray  treatment  of  this  disease.  This  author,  however, 
refers  to  2  cases  that  were  treated  by  Fittig.  Pollitzer  presented  a 
cured  case  before  the  New  York  Academy  of  Medicine,  Section  on 
Laryngology,  in  October,  19()6.  Ballin  reported  a  cured  case  in  19()7, 
the  a*-rays  ha\ing  been  applied  by  Stern.  Lustgarten  presented  the 
patient  before  the  New  York  Dermatological  Society  (April,  19()7) 
at  which  time  he  told  of  the  good  results  obtained  in  additional  cases 
treated  by  Stern.  Freund,  Kahler,  Schein,  von  Navratil,  Smith, 
Lieberthal,  Ruediger-IJydygier,  and  others  have  reported  successful 
results  with  .r-rays  in  the  treatment  of  single  examples  of  this  disease. 

Wunderlich,  of  (Guatemala,  has  had  considerable  experience  with 
the  x-TSLV  treatment  of  rhinoscleroma.  He  presented  3  cured  cases 
before  the  Pan-American  Medical  Congress  in  19()S  and  later  reported 
14  additional  cures.  Quinonez  also  reported  a  number  of  cures  at  the 
same  Congress. 

Kahler  was  apparently  the  first  to  treat  rhinoscleroma  with  radium 
(1905).  (luttnuui  reports  great  improvement  in  a  case  treated  with 
radium,  the  treatment  having  been  administered  by  I.  Lavine.  Boggs 
repH)rts  the  cure  of  a  case  \\'ith  radium. 

The  author  has  cured  3  cases  of  rhinoscleroma  with  .r-rays.  In 
1  instance  the  disease  was  diagnosed  in  a  very  early  stage.  The 
lesion  consisted  of  a  firm  but  not  hard  tumor  occupying  the  right 
nostril.  The  patient  was  cured  as  a  result  of  three  monthly  treat- 
ments (courtesy  of  Dr.  Remer).  In  2  patients  the  disease  was  well 
developed,  the  nose  l)eing  greatly  enlarged,  and  the  disease  involved 
the  upper  lip.  The  afi'ected  parts  were  as  hard  as  rock  and  the  nasal 
passage  was  completely  occluded.  Both  patients  were  cured,  the 
parts  returning  to  normal,  as  a  result  of  five  monthly  treatments  in 
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due  case  and  eight  such  treatments  in  the  other.  In  each  instance  the 
diagnosis  was  confirmed  l»y  hiopsy.  Two  additional  cases  were 
treated  witli  considerable  improvement,  liut  the  patients  failed  'to 
continue  the  treatment  or  to  remain  under  observation. 

There  have  lieen  no  rei)orts  of  reciirreni-e  suhsetjiient  to  a  complete 
clinical  cure.  The  result  appears  to  lie  permanent.  Irradiation, 
alone,  will  cure  the  affection.  It  is  imnecessary,  in  the  majority  of 
cases,  to  institute  surgical  methods. 

Technic— It  is  advisable  to  have  the  patient  carefully  examine<l  by 
a  competent  rhinologist  in  onler  to  ascertain  the  extent  of  involvement. 
I'sually  the  disease  begins  in  the  mucous  membrane  of  the  anterior 
nares.  It  may  then  involve  the  entire  nose  and  the  upper  lip,  Harely 
the  disease  may  develop  in  the  larynx  as  was  the  case  in  one  of  Lnst- 
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garten's  patieTits  who  was  treated  liy  StcrTi.  .\fter  the  first  ,r-ray 
treatment  the  dyspnea  became  .so  great  that  it  was  necessary  to  open 
both  the  larynx  and  trachea.  When  the  report  was  made  the  tumor 
had  disappeared. 

As  a  rule,  then,  the  treatment  can  be  confinefl  to  the  mise,  and  ui>i)er 
lip  if  the  latter  is  involved. 

The  aim  should  Ik;  to  cure  the  disease  without  leaving  setiuela*  and 
in  the  majority  of  cases  this  is  possible.  Only  filtered  radiation  should 
tic  employed  (It  mm.  AL),  The  dose  should  be  within  the  amount 
required  loertectan  erythema— from  HI  J  toH2S.  I>.,  depending  upon 
the  age  of  the  ]>aticnt  and  the  color  of  the  skin.  Applications  are  made 
at  intervals  of  one  month,  i.  p.,  intensive  filtered  treatment.  The 
entire  fare,  with  the  exception  of  the  nose,  is  shielded.     An_expo9ure 
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is  then  made  to  each  aide  of  the  nose  with  the  target  at  riglit  angles 
to  the  plane  of  the  lateral  surface  of  the  nose.     Tfie  rays  are  permitted   ! 
to  o\erlap  at  the  bridge  of  the  nose.     A  separate  exposure  may  be  ' 
necessary  for  the  upper  lip  if  this  part  is  invoKed. 

If  the  nares  are  patulous  a  tubular  radium  applicator  co^'ered  with   , 
a  screen  of  lead  foil  may  be  plared  inside  the  nose,  first  in  one  nostril   I 
and  then  in  the  otiier.     The  length  of  exposure  will  depend  naturally 
upon  the  amount  of  radium  element  in  the  tube.     A  ■M)  mjt.  tube   ' 
screened  with  4  nun.  of  lead  may  be  left  in  the  nose  for  two  or  three 
hours  in  addition  to  the  .r-ray  treatment  iipplied  to  the  external  surface 
of  the  nose.     If  the  nares  are  ocdndcd,  the  radhiiu  {tube  or  plaque) 
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suitably  screened,  may  be  placed  against  the  roof  of  the  mouth.  Care 
should  be  taken  to  cover  the  lead  screen  with  thick  rubber  in  order  to 
pre\ent  a  secondary-ray  reaction.  These  cross-fire  treatments,  in  the 
absence  of  reaction,  may  be  administered  at  intervals  of  one  month. 

Gamma  ra;\s  of  radium  may  be  used  instead  of  .r-rays  for  the  external 
irradiation.     The  re.sult  should  be  the  same. 


MOLLUSCUM  CONTAGIOSUM. 

Finzi  states  that  radium  therap.\-  has  been  successful  in  the  treat- 
ment of  molluscum  contagiosuni.  The  author  has  useil  the  j-raya 
exijerimcntally  in  this  affection;  the  lesions  failed  to  involute  as  a 
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Jesuit  of  an  erythema  dose.  It  is  the  author's  opinion  that  irradiation 
is  not  indicateil  in  this  disease,  the  lesions  of  which  are  readily  amenahle 
to  other  fonns  of  treatment. 


XANTHOMA. 

The  author  applied  suberythema  doses  of  .r-rays  to  several  lesions 
in  one  case  of  xanthoma  tuberosum,  one  of  xanthoma  planum,  and  one 
of  xanthoma  diabeticorum.  In  the  first  patient  treated  (xanthoma 
tuberosum)  there  was  some  invohition  of  the  irradiated  lesions  after 
the  first  suber\'thema  treatment.  There  was  no  improvement  after 
the  second  and  third  exposures.  The  lesions  in  the  other  patients  did 
not  improve  at  all.  Beta  rays  of  radium  were  applied  to  the  lesions  in 
pile  case  of  xanthelasma  (xanthoma  palpebrarum).  There  was  no 
inprovement  as  a  result  of  three  suberythema  applications  of  "hard*' 
beta  rays.  Applications  of  a  strength  sufficient  to  effect  a  reaction 
were  not  tried;  such  treatment  is  not  justified. 

Gottheil  tried  x-ray  treatment  in  a  case  of  xanthoma  tuberosum 
multiplex  with  negative  results.    Brown  obtained  benefit  in  two  cases 
after  a  reaction  had  been  produced.     Lustgarten  reports  temporary 
improvement  with   :r-rays.     Allen,   Stern,   Evans   and   other  early 
workers  report  good  results  in  the  various  types  of  xanthoma.     It 
ahould  be  realized  that  these  reports  were  made  years  ago  when  roent- 
genologists did  not  appreciate  the  advisability  of  avoiding  j*-ray 
aequeke.    Finzi  states  that  good  results  have  been  obtained  with 
radium.     Pinch  treated  7  cases  with  radium;  5  patients  were  cured; 
2  patients  were  improved. 

FIBROMA,  NEUROMA,  MTOMA,  LIPOMA. 

Schiiltz,  Bondet  and  others  state  that  .r-rays  will  sometimes  cause  a 
diminution  in  the  size  of  cutaneous  Hpomata,  fibromata,  and  allied 
conditions.  The  necessity  of  effecting  a  reaction  is  admitted.  In  the 
author's  hands  the  results  have  not  been  favorable. 

As  is  well  known,  uterine  fibromata  and  myomata  undergo  complete 
involution  when  irradiated.  It  is,  however,  the  consensus  of  opinion 
that  the  result  is  caused  by  the  effect  of  the  radiation  on  the  ovaries 
and  not  by  direct  action  on  the  tumor. 

Wise  treated  a  hazel-nut-sized  tumor  of  fibroma  molhiscum  (von 
Recklinghausen's  disease).  Three  unfiltered,  suberythema  doses  were 
applied  at  intervals  of  four  weeks.  There  was  no  alteration  in  the  size 
or  consistence  of  the  tumor  (verbal  communication). 

BENIGN  EPITHEUOMA. 

The  author  has  tried  o'-ray  treatment  in  cases  of  benign  cystic 
epithelioma,  tricho-epithelioma,  syringoma  and  allied  conditions.   It  is 
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possible  to  cause  (ttmpletc  involution  of  the  lesimis  Imt  to  ilo  so  it  i 
usually  necessary  to  a<ltninister  from  four  to  eif;lit  sul)er>tlieitia  doses  , 
or  se\'eral  iiioiitlis  of  fractiotial  or  senii-fractioniil  treatment. 

Tliese  eruptions  consist,  as  a  rule,  of  a  large  nuiulter  of  small,  discrete  I 
lesions  scattered  over  the  center  of  the  face  or,  in  some  instances,  dis-  I 
tributed  over  large  areas  of  the  hcxiy  surface.     It  is  a  time-consuming 
task  to  treat  each  individual  lesion  separately.     If  this  is  not  done  the 
dose  must  be  within  that  required  for  an  erythema  otherwise  there  is  I 
the  possibility  of  injury  to  rather  extensive  areas  of  normal  skJn.     It 
might  be  a  giKxl  plan  to  treat  thf  individual  lesions  with  the  "hard" 


beta  rays  of  radium.  While  such  a  procedure  is  time-consuming,  the 
radium  can  be  applied  by  the  patient  under  the  supervision  of  the 
dermatologist. 

Mitauto  caused  complete  disappearance  of  an  eruption  of  s.\'ringoma 
situated  on  the  chest  with  four  .r-ray  treatments,  each  application 
consisting  of  one-third  of  an  erythema  dose,  Ormsby  cured  a  case  of 
syringoma  with  fractional  .c-ray  treatment.  Ilodara  rejxirts  improve- 
ment in  a  case  of  syringocystadenoma. 


LEPROST. 

Ileiser  treated  1   leprosy  patient  with  . 
of  the  disease  disapj^-ared  but  lei>rii  bacii! 


-rays.     All  rlinieal  evidence 
ciiuUI  be  found  in  scrapings 
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from  the  nasil  mucoissi.  Allen.  Oulnuuin.  Morris.  «ik1  Wilkiit^^m  luve 
noted  improAiement  in  lesions  that  hax*^  been  >nbjecte^l  to  imtluitHMi). 
G.  H.  Fox  has  seen  some  patients  imprvi\~e  and  i>ther<  leet  wv>n^  umler 
irradiation. 

The  author  has  administered  x-ray  treatment  to  S  cases  trf  le|m:^sy 
of  different  clinical  txpes.  In  no  case  was  there  more  than  |>anial 
involution  of  the  lesions.  Irradiation  appears  to  be  of  Kttle  xnliie  in 
this  disease. 


The  older  text4xioks  ainl  journals  contain  numertnis  refereiK>?s  to  the 
use  of  jr-rays  in  s\"philis.  Cowen.  for  instaiu'e,  exp^^setl  the  entire  boily 
of  a  patient  affected  with  tertiar>*  s\"phiHs  to  radiatii^iK  .\cci>niing  to 
Cowen's  article  the  results  were  remarkable.  Of  ciHirse  irradiation  is 
not  of  the  slightest  serxice  in  the  treatment  i>f  s\"philis  ami  is  onl\' 
employed  in  this  disease  when  there  has  been  a  mistake  in  diagnosis. 
S\-philitic  lesions,  even  ulcerated  lesions,  are  x^ery  recalcitrant  to 
irradiation.  The  author  has  never  seen  a  syphilitic  lesion  disap})car 
as  a  result  of  such  treatment.  In  former  years  it  ^-hs  thought  that 
involution  could  be  hastened  in  this  manner.  Mi^t  cutaneinis  lesions 
of  sN-philis  undergo  spontaneous  involution  in  time.  This  fact  ti^gether 
liiith  the  fact  that  involution  was  often  slow  under  the  okler  methoils 
of  antisN-philitic  treatment,  probably  explains  the  reast>n  for  the  opinions 
of  some  roentgenologists  of  former  years. 

Oangosa.  — No  record  can  be  found  relating  to  the  use  of  radium  or 
jr-rays  in  the  treatment  of  gangosa.  Mink  and  Mclean,  who  hax'c 
made  a  careful  study  of  the  disease,  suggest  irradiation  but  they  have 
not  tried  such  treatment  nor  have  they  heard  of  its  ha\ing  hetMi 
employed  for  this  purpose. 

Ulcerating  Granuloma  of  the  Pudenda.— MacleiHl  has  nnploytMl 
roentgen  therapy  ^ith  success  in  this  affe<*tion.  Most  of  the  Knglisli 
text-books  on  dermatology  recommend  n>entgeni7.ation.  Several 
articles  dealing  exhaustively  with  this  disease  have  Ihhmi  ivusulttnl  hut 
practically  nothing  has  been  found  to  pn>ve  the  usefulness  i>r  ust»lessuess 
of  irradiation  in  this  disease. 

lUBLlOGHAPHV. 

A1)Kk*,  R.:     Med.  Hvv..  Now  York,  1916.  xr,  p.  47. 

Allx^rs-Schonbcrg  and  Hahn,  R,:     Monchcn.  nu^ii.  Wrlinsohr.,  IDIH).  xlvii.  pt,  I.  p.  2»^4: 

p.  325;  p.  363. 
Allen,  C  W.:     Radiotherapy  and  Phototherapy.  Philadelphia,  1904,  I^^a  Brothers  tV*  Co., 

p.  244;  p.  288:  Jour.  Cutan.  Dis..   1906,  xxiv.  p.  275. 
Ballin,  M.  J.:     New  Yoik  Med.  Jour.,  1907,  Ixxxv,  p.  490. 
Boggs,  R.  H.:     Am.  .Jour.  Me<l.  Sri.,   1919,  clviii,  p.  87. 
Bondet:     Lyon  m^Hl.,    1904,   eiii,   p.   223. 
Brown,  M.:     .Jour.  Cutan.  Dis.,  1905.  xxiii,  p.  3 IS. 
Cowen,  R.  J.:     Arch.  Roentg.  Ray,  1905,  x.  p.  157. 
Edwards.  G.  P.:     Internat.  Jour.  Surg..  1903.  xvi.  p.  296. 
Evans,  W.:     Quoted  by  Morris,  M.  and  I)ort\  S.  K.,  Light  and  .\-ray   Trentiueiit  of 

Skin  Discotjcs,  1907,  London,  p.  154. 


510  BENIGN  NEW  GROWTHS 

Finzi,  N.  S.:     Radium  Therapeutics,  London,  1913,  Hodder  &.  Stoughton,  p.  63. 

Fittig:     Quoted  by  Ranzi,  1.  c. 

Fox,  G.  H.:  Quoted  by  Allen,  C.  W.,  Radiotherapy  and  Phototherapy,  1904,  Philadel- 
phia, Lea  Bros.  &,  Co.,  p.  287;  Jour.  Cutan.  Dis.,  1906,  xxiv,  p.  275. 

Freund,  L.  and  Oppenhcim,  M.:     Wein.  klin.  Wchnschr.,  1905,  xviii,  p.  905. 

Gottheil,  W.  S.:     Jour.  Cutan.  Dis.,  1906,  xxiv,  p.  37. 

Guttmann,  J.:     N.  Y.  Med.  Jour.,  1915,  cii,  p.  711. 

Harris,  L.  H.:     Australasian  Med.  Gaz.,  1901,  xx,  p.  133. 

Heiser,  V.  G.:     Med.  Rec,  N.  Y.,  1908,  Ixxiv,  p.  757. 

Hodara,  M.:     Dermat.  Wchnschr.,  1913,  Ivi,  p.  421. 

Kahler,  O.:     Wein.  klin.  Wchnschr.,  1905,  xviii,  p.  839. 

Knox,  R.:     Radiography  and  Radio-therapeutics,  1918,  N.  Y.,  MacMillan  Co.,  ii,  p.  562 

Lieberthal,  D.:     Jour.  Cutan.  Dis.,  1911,  xxix,  p.  638. 

Lustgarten,  S.:     Jour.  Cutan.  Dis.,  1907,  xxv,  p.  303;  Ibid.,  1905,  xxiii,  p.  174. 

MacLeod,  J.  M.  H.:     Brit.  Jour.  Qermat.,  1913,  xxv,  p.  66. 

Mink,  O.  J.  and  McLean,  N.  T.:     Jour.  Cutan.  Dis.,  1907,  xxv,  p.  503. 

Mitsuto,  G.:     Jap.  Ztschr.  f.  Dermat.  u.  Urol.,  1914,  xiv,  p.  288. 

Morris,  M.:     Proc.  Roy.  Soc.  Med.,  Sect.  Dermat.,  1908,  ii,  pt.  1,  p.  41;  p.  45. 

Morton,  W.  J.:     Med.  Rec,  N.  Y.,  1903,  Ixiii,  p.  845;  Ibid.,  1903,  Ixiv,  p.  121;  p.  215. 

Ncwcomet,  W.  S.:     Am.  Jour.  Roentg.,  Jan.,  1917,  iv,  p.  605. 

Ormsby,  O.  S.:     Jour.  Cutan.  Dis.,  1915,  xxxiii,  p.  402. 

Oiilmann,  L.:     Jour.  Cutan.  Dis.,  1907,  xxv,  p.  373. 

Pfahler,  G.  E.:     Arch.  Dermat.  and  Syph.,  1920,  ii,  p.  181. 

Pinch,  A.  E.  H.:     Radium,  1918,  xi,  p.  49;  Ibid.,  1919,  xiii,  p.  49;  Ibid.,  1920,  xv,  p.  69. 

PoUitzcr,  S.:     Jour.  Cutan.  Dis.,  1910,  xxviii,  p.  388. 

Piisoy,  W.  A.  and  Caldwell,  E.  W.:  The  Roentgen  Rays  in  Therapeutics  and  Diagnosis, 
1904,  PhUadelphia,  W.  B.  Saunders  Co.,  p.  647. 

Quiuonez:     Quoted  by  Wunderlich,  1.  c. 

Ranzi:  FortBchr.  a.  d.  Geb.  d.  Rdntgenstiahlen,  iii,  p.  284,  ref.  Pollitzer,  S.,  Jour. 
Cutan.  Dis..  1910,  xxviii,  p.  398. 

Ruodiger-Rydygicr,  V.:     Berl.  klin.  Wchnschr.,  1909,  xlvi,  pt.  1,  p.  143. 

Schein,  M.:     Budapesti  Kir.  Orvosegyesalet  Eukonyve,  1905,  p.  30. 

Schultz,  F.:     X-ray  Treatment  of  Skin  Diseases,  N.  Y.,  Rebman  Co.,  p.  141. 

Simpson,  F.  E.:     Jour.  Am.  Med.  Assn.,  1915,  Ixiv,  pt.  2,  p.  1300. 

Smith,  H.:     Jour.  Cutan.  Dis.,   1912,  xxx,  p.   100. 

Stern,  S. :     Lustgarten,  1.  c. ;  Ballin,  1.  c;  also  Allen.  1.  c,  p.  288. 

Taylor.  G.  G.  S.:     Brit.  Med.  Jour..  1901,  ii,  p.  852. 

UUmann,  C:     Wein.  med.  Presse,  1900,  xli,  p.  954. 

von  Navratil,  E.:     Pest,  med.-chir.  Presse,  1905.  xli,  p.  685. 

Wickham  and  Degrais:     Riidiumtherapy,  1910,  N.  Y..  Cassell  &  Co.,  p.  1600;  p.  172. 

Wilkinson,  H.  B.:     Jour.  Cutan.  Dis.,  1906.  xxiv.  p.  186  (abstract). 

Williams:  Quoted  by  Wickham  and  Degrais.  Radiumtherapy.  1910,  N.  Y.,  Cassell  &, 
Co.,  p.  160. 

Wunderlich,  M.  J.:     Jour,  de  radiol.,  v   ref.  Am.  Jour.  Roentg.,  1917,  iv,  p.  181. 

Figures  196  to  203  were  published  in  the  Journal  of  the  American  Medical  Association 
for  November  27,  1915. 


5.  >arcoma 


CHAPTER  XXXIII 
MALIGNANT  SEW  GROWTHS.* 
The  cutaneous  new  growths  discussecJ  in  this  chapter  are: 

1.  Basal-cell  Epithelioma. 

2.  Prickle-cell  Epithelioma. 

3.  Secondare'  Metastatic  Epithelioma. 

4.  Paget's  Disease. 

Rounrl-cell  Sarcrjma. 
Spindle-cell  Sarcf>ma. 
Giant-cell  Sarcoma. 
Melanoma. 

Kaposi's  Sarcfxna. 
Fibrosarcoma. 

BASAL-CELL  KFITHKIJOMA. 

The  first  basal-cell  epttbelioma  to  be  treateirl  with  njentgen-ray«j 
was  demonstrated  before  the  Swedish  Medical  Srx-iety  im  He^-trmlier  !>• 
1^99.  by  Stenbeck  rrf  Strickholm.  At  the  .same  meeting  Sjogren  fjhowerl 
a  similar  case.  In  the  fr^rmer  instance,  h#^'e%'er,  the epithelir^na  harl 
disappeared,  while  in  the  latter  the  demonstration  rjrrcurre^l  Ijefr^re  a 
clinical  cure  had  been  trffected.  These  rep^jrts  were  irnrn^idiat^y 
followed  by  others  and  ver>'  sor>n  the  literature  wa*  *T*arrip*^l  n-ith 
articles  on  thb  subject.  The  eariie*?t  repr^rts  in  Eurripe  n'-r*:  frr^cn  the 
pens  of  .**ederholm,  SchcJtz,  TzyUpr,  Fenru.ron  ar>l  .S^rif-ira,  Ir.  tijt 
United  States  the  earliest  worker-  were  Jfjkri^^r.  zzA  Mierrill.  P:l^-. 
Williams,  Beck.  Rinehart,  Mortr^n.  HopkiiL?-  Alier..  s^rA  iK^yr^z,, 

Statistici. — In  the  past  fifteen  year?  a  -*v4:2riir>:<if  'z'.frTkVz^  >^:'x 
with  roentgen  therapy  in  hasal-^^eO  ewibttkcLA  bk^  '••ei^  ir'  *i.c«^L 
But  before  reviewing  and  crxnmentisf  «:  tit  n^ic^  inz^ru^^.  Lrri  :ie* 
the  autlv>r  de-^rire^  to  tabulate  and  di^criff  tr^f  r^^silir  rr.,»i2j*t:  ji  -44 
unselected  ca^s  r>f  ba.'^al-ftrU  ejjitrjeB'.c: *  -^zdiii  v-^r»  ^r«?f-^:  't^rv-^*^^ 
the  year^  VjV)  ^tA  \i^\U  iiK^uKve.  Trit  latsfd*  v-^^^  tt^j.*:-?*:  ji  i»r*.r> 
ancie^  with  m^j^lerri  te*:-hi;ic.  Thi?r  ?^-i"irO>  -ji  "Liii*  'ia^r-*r  v-*ry  ^'.oiciLt**! 
b>'  Mi?e  Katherine  SuUivan, 

Qmieal  Cores.— fjf  tr^  'V44  zikTieiL':^.  .'<•  ^-tr^,  z^  r  ?«^i  irr-^r  in*  ir^ 
treatmeTit.  ^^  rr-a*.  th^  r'e^ih   :viijr  n  r  w,  rf*:-  rin-L     Tiiir  -i*a~""^  l 

montlks.   Of  tr.fr^  4*1  '';ii*e**  ib**:^  "V'^c^  -1.  '•iiii«?u  "irf^  :c  ^I  ^ts:  titniL. 
TTlirty-thr>^  ;,<it>rr.t*.  7  i»rr  i^c-    ih.T'-     f*:    i^n:  ::  '  .':t*>r.  1  ^•s:  !*!ru. 
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the  lesions  were  not  even  benefited.  \\'hen  it  is  considered  that  the 
cases  were  not  selected  and  tliat  at  least  one-half  the  failures  were  due 
to  the  patients'  inability  to  have  second  or  third  treatments  at  proper 
intervals,  or  that  the  case  was  deemed  practically  hopeless  when 
treatment  was  instituted,  91  per  cent,  seems  ver\-  satisfactory'.  As  an 
illustration,  several  of  the  patients  receive*!  a  single  treatment  which  did 
not  suffice  to  effect  a  clinical  cure.    Then,  on  account  of  illness,  old  age, 


stormy  weather,  or  other  reasons,  they  did  not  return  for  the  second 
treatment  until  the  lesion  was  worse  than  it  was  at  the  beginning.  In 
other  instances  the  lesions  were  very  <leep  and  indurated,  even  involv- 
ing the  articulations  or  the  entire  orbit,  and  had  received  preWous 
roentgen-ray  treatment.  If  one  could  omit  siich  cases  the  [lereentage 
of  cures  would  be  in  the  neighborhood  of  9;t  or  98  instead  of  91. 

I'reepitlielioniatous  lesions  are  not  included  in  this  study.    In  other 
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'everj'  case  was  distiiictly  an  epitiielinina  from  a  clinical  staiid- 
(ind  the  lesions  varied  in  size  from  a  split-pea  to  several  inches  in 
•ter,  in  duration  from  a  few  riiunths  t(»  several  jears  and  they 
developed  as  a  niMlule  or  evohed  from  some  preepitheliomatous 
.  In  only  a  few  cases  was  the  diagnosis  confirmed  by  the  raicro- 
,  but  in  most  instances  the  patients  were  seen  b\'  dermatological 
wea  who  agreed  with  the  diagnnsis.     It  would  l>e  senseless  to 


K  every  ease  of  basaj-eell  epithelioma  because  it  is  one  of  the 
t  conditions  for  the  dermatologist  to  recogitiiie, 
lurrencflB.  —  Of  the  4:31  clinically  cured  cases,  lilil  faile*l  to  remain 
■  observation  fur  six  months.  As  will  l>e  seen  later,  most  of  the 
•ences  take  place  within  one  \ear  so  that  [latients  that  are  not 
^ed  fur  at  least  six  months  are  of  little  statistical  value  so  far  as 
rns  the  qnestion  of  recurrence,    \Ve  have,  then,  a  total  of  2S2 
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(.'linically  cured  cases  that  were  observed  for  periods  of  from  six  months 
to  nine  or  more  years.  In  this  series  of  282  cases  there  were  3(>  relapses 
—  13  per  cent.,  leaving  a  total  of  possible  permanent  cures  of  87  per 
cent. 

A  more  critical  uiialyr^iR  reveals  that  2  cases  were  observed  for  wine  years  or 
more  with  no  relapse— 100  per  cent,  posiiible  permanent  cures.  Three  caxes 
remained  under  obser\ation  eight  years  with  1  relapse— 66S  percent.  Twenty- 
two  cases  remained  under  observation  for  seven  years  with  3  relapses— 86  per 
cent.  Twenty  cases  remained  under  observation  for  six  years  with  3  relapses— 
85  per  cent.  Twenty-four  patients  were  observed  for  five  years  wltli  3  relapses 
—75  per  cent.   Thirty-one  patients  remained  under  observation  for  four  years. 


In  this  series  there  were  5  relapses,  leaving  84  per  cent  of  probable  permanent 
cures.  Thirty-six  coses  were  followed  for  three  years  in  which  there  were  8 
recurrences— 83  per  cent,  cures.  Of  the  two  year  cases  (about  two  years)  there 
were  51  with  5  relapses— 91  per  cent,  cures.  Fifty-six  cases  were  observed  for 
al>out  one  year  with  6  recurrences- 89  per  cent,  cures.  Thirty-seven  cases 
wore  folliiwed'for  six  months— 2  relapses— 95  per  cent,  cures.  Finally,  139 
cii.-es  were  oliserved  for  from  one  to  five  months.  In  this  series  there  were  no 
relapses.  Table  IX  sumnmrizes  these  statistics  and  enables  the  reader  to  grasp 
thcni  at  a  glance 

T.\U!.E   IX.  — CURES   AND   RELAPSES   ARRANGED   ACCORDING   TO   THE 
NUMBER  OK  YEARS  UNDER  OBSERVATION. 

I'triint  ol  olieervulirjn.        Number  of  cascg.       NumbH-  of  rdHpees.  PFrrenlagc  »[  cum. 
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Lale  Recurrence.— \i  is  interesting  to  note  that  a  majority  of  the  recurrences 
manifested  themselves  in  less  than  a  year.  As  indicated  in  Table  X,  there  were 
36  cases  in  which  a  relapse  occurred,  21  (58  per  cent.)  of  which  occurred  in  the 
first  year.  Nine  were  noted  in  the  second  year,  5  in  the  third  year  and  1  in 
the  fourth  year. 

TABLE  X.  — RELAPSES   IN  RELATION  TO  TIME  OF  OCCURRENCE. 


Relapse  at 
end  of. 

Relapee  treated 
with. 

Result. 

Second  relapee 
end  of. 

Second  rdapae 
treated  with. 

1     Result. 

6  mouths 

X-rays 

:    (^ured 

6  months 

X-rays 

Cured 

1 

1 

6  months 

X-rays 

Cured 

6  months 

Radium 

Cured 

, 

6  months 

Curettage 
caustic 

and 

Cured 

1  Several 
months 

1  Untreated 

• 

1  Failure. 

6  months 

X-rays 

Cured 

;  4  months 

{  Radium 

1  Curedi 

1  year 

X-rays 

Failure 

1 

1 

1  year 

Excision 

Cured 

.* 

' 

1  year 

X-rays 

Cured 

1  year* 

X-rays 

Cured 

2  years 

X-rays 

;  C'ured. 

1  year 

1 

Curett4»ge 
x-rays 

and 

Cured 

1  year 

1 

Radium 

Failure. 

1  year 

Radium 

Cured 

1  year 

1 

1  Radium,  curettage 
and  caustic 

Cured. 

1  year 

X-rays 

Cured 

1  year 

X-rays 

1  Cured. 

1  year 

Excision 

Failure 

1 

1 

1 

1  year 

X-rays    and    ra- 

Cured 

1 

dium 

1 

1  year 

X-rays   and    ra- 

Cured 

1  year 

X-rays 

• 

1 

dium 

1 

1  year 

X-rays 

Cured 

6  months 

X-rays 

1         ? 

• 

1  year 

X-rays 

Cured 

1  year 

1 

Curettage 
x-rays 

and 

Cured 

3  months 

Curettage 
caustic 

and 

Cured. 

1 

1  year 

X-rays 

Cured 

■  1  year 

X-rays 

Failure. 

1  year 

X-rays 

1 

Cured 

!  1  year 

X-rays 

Cured. 

2  years 

1 

X-rays 

Cured 

4  years 

Curettage 
radium 

and 

Cured. 

2  years          , 

2  years          ' 

2  years 

Curettage 
x-rays 

and     1 

Cured 

1  year 

Curettage 
x-raj's 

and 

1  Cured. 

1 

2  years          , 

Curettage 
x-rays 

and 

Cured 

1 

2  yejirs          ' 

Untreated 

1 

Failure 

1 

2  years 

X-rays 

(^ired 

1  \  years 

Cross-fire  x 

-rays 

F'ailure 

2  years 

Untreated 

Failure 

2  years 

X-rays 

(^ured 

2  years 

X-rays 

Cured. 

3  years 

X-rays    and    ra- 

Cured 

dium 

3  years 

X-rays 

Cured 

3  years 

Curettage 
x-rays 

and 

Cured     ' 

1  year            ' 

Curettage 
caustic  (t^ 

and 
wicq) 

Cured. 

3  years 

X-rays 

Failure 

1 

3  years 

Curettage 
x-rays 

and 

F'ailure 

4  years 

X-rays 

■ 

? 

• 

% 

The  fact  that  one  relapse  was  noted  as  late  as  the  fourth  year,  makes  it 
advisable  to  warn  the  patient  of  this  possibility.  That  there  is  not  much  like- 
lihood of  a  r^cidive  after  the  fourth  year,  in  properly  treated  cases,  * 
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the  fact  tlmt  102  patients  were  observed  for  periods  of  from  four  Ui  niue 
years  and  yet  there  wa«  only  1  relapse  that  maiiifeated  itself  four  years  sifter 
treatment. 

Treatment  of  Recurreims.—A  study  of  Tabic  X  will  nhow  that  27  of  tht  :«i 
relapses  were  treated  again  with  the  roentgen  ravs,  and  that  23  recovered;  in 
I  case  the  result  was  unknown,  while  3  failed  to'improve.  Two  of  the  recur- 
rences were  cured  with  radium;  1  bysundcal  excision;  [  with  the  Sherweil 
operation  (curettage  anil  acid  nitrate  of  mercurv) ;  1  with  excision  and  4  cases 
were  not  treated.  It  will  be  noted  that  12  cases"relapsed  a  second  lime  within 
a  year  after  the  second  recovery.  Three  of  these  ieaiotis  again  dis8ppeare«i 
under  further  *-ray  treatment;  1  under  radium;  1  under  radium  and  Sherweil 
operation;  2  responded  to  the  Sherweil  operation;  I  remained  untrwited;  in  2. 
treated  with  x-rays,  the  result  was  unknown;  1  treated  with  J--ravs  resulted  in 
a  failure  as  did  also  one  treated  with  radium.    To  recapitulate,  23  (Jut  of  27 


primary  relapses  responded  immediately  t«  the  roent^n  rays,  in  1  Ihe 
re.-'iilt  was  unknown  and  3  failed  Ui  get  well.  One  of  the  12  secondarj' 
recurrences  was  untreated;  in  2  treated  with  j-rays  the  result  wa*  imkTiown; 
I  treated  with  j--raj-s  resulted  in  failure  as  did  also  I  treated  with  radiunu 
fVvrii  responded  U)  various  types  of  treatment.  From  the  foregoing  it  will 
l)c  seen  that  a  relapse  should  not  cause  unnecessary  alarm. 

Effect  of  Pniioia  TrMtment  — A.n  attempt  wa.^  made  to  ascertain  if  previous 
treatment  altered  the  susceptibilitv  of  the  legion  to  inteniiive  roentgenixation 
The  result  of  this  study  is  shown  in  Tables  X  and  XI.   There  were  421  clinically 


T.^DLE  XI.- 


CCItES,  F.ULURKS  .VNT)  REL.iPSBS  IN  REL.ITION  TO  PREVIOUS 
TRE.\TMENT. 
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curetl  cases  of  which  the  previous  treatment  wiis  known  in  only  28().  Seven 
cai«es  are  omitted  from  the  40  failures  because  the  previous  treatment  could  not 
be  ascertained  and  15  cases  are  omitted  from  tne  36  relapses  for  the  same 
reai^on.  The  most  noteworthy  feature  here  is  that  39  per  cent,  of  the  failures 
were  in  cases  that  had  been  treated  previously  with  a:-rays  or  radium,  usually 
the  former  in  small  doses  over  long  periods  of  time.  The  percentages  are 
obtained  from  the  total  number  of  cases  as  shown  in  the  first  column  with  the 
exception  of  the  relapses.  Here  the  " cured  and  not  followed"  cases  were 
first  deducted. 

TABLE  Xn.— RESULTS  IN  RELATION  TO  NUMBER  OF  TREATMENTS. 


Number  of    , 
treatments. 

Number  of    '■ 
nues. 

Cures. 

t 

Clinical  cures 
not  followed. 

Rdapnes.       | 

1 

Failures. 

• 

42% 

5% 

1    cr         ' 

3% 

I 

208 

196 

24 

6 

12 

35% 

5% 

10  % 

2% 

2 

173 

163 

23 

15 

10 

7%. 

2^/; 

2.-/;; 

.  6% 

39 

36 

8 

7 

3 

3% 

2% 

00% 

.6% 

15 

12 

7 

3 

3 

1% 

2% 

so%      1 

.  8% 

10 

6 

1 

4 

4 

.6% 

33  J  %      1 

.8% 

7          1 

3 

.  2% 

.  . 

1 

1 

4 

.2% 

2 

1 

•  .  •  . 

.... 

1 

.4% 

.... 

.4% 

8 

4 

2 

.  2% 

.... 

2 

.  2% 

9 

2 

1 

.2% 

1 

.... 

1 

10 

1 

1 

1 

Results  in  Relation  to  Number  of  Treatments. — Table  XII  shows  the  results 
in  relation  to  the  number  of  treatments  given.  Only  the  cases  with  known  end- 
results  are  recorded — 461  cases.  It  will  be  seen  that  196  ctuses,  42  |xt  cent,  of 
the  total  of  461,  were  cured  as  a  result  of  one  treatment  Or,  considering  only 
the  cured  cases  (421),  46  per  cent,  were  cured  in  one  treatment,  38  per  cent,  in 
two  treatments,  8  per  cent,  in  three  treatments,  etc  It  is  interesting  to  note 
that  7  obstinate  cases  received  as  many  as  six  intensive  treatments  with  3  cures, 
4  failures  and  1  relapse.  The  percentage  of  cures  is  high  as  far  as  the  second 
treatment.  It  would  seem  from  this,  as  might  be  assumed,  that  if  a  lesion  is 
not  favorably  influenced  by  two  or  three  hyperintensive  treatments,  the  chances 
of  producing  the  desired  result  with  the  roentgen  rays  is  lessened.  The  ixt- 
centages  are  obtained  from  the  number  of  ca.ses  treated,  with  the  exception  of 
the  relapses.  Here  the  "cured  and  not  followed"  cases  are  first  deducted  from 
the  total  number  of  cases. 


TABLE  Xm.— FILTERED   VERSUS   UNFILTERED   X-RAYS. 


Number  of  caM>ft.       Cures. 


Cures  not 
followe<l. 


Kelupses. 


Failures. 


Unfilt<*rcd 
FUtered  . 


409 
52 


94% 
3S8 
65% 
33 


52 
or/ 

11 


22 
14 


21 
19 
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The  study  outlined  in  Table  XIII  doefi  not  give  the  true  con ii>arii live  value 
of  filtered  and  unflltered  radktioii  beciiuse,  as  a  rule,  tlie  lesionn  that  received 
filtered  treatments  were  more  deeply  seated,  larger  and  more  indunitcd  tiiaii 
were  the  lesions  treated  without  a  filter.  The  percentage  of  rcliiiisos  are 
obtained  after  dediietiiiK  the  "cured  and  iiot  followed"  cases  from  the  total 
number  of  cures.    The  other  jiercentages  are  taken  from  the  total  number  of 


Number  of  Treatments  Required. 

or  obstiiiaucy  of  the  lesions  niny  be 
shows  the  numlwr  of  trealments  iifc 
and  unfiltercti  radialion. 


-Some  idea  of  the  difference  in  malignancy 
iibtained  by  a  glance  at  Table  XIV  which 
-s:irv  in  individunl  cws  both  nilh  fi!t«re<l 


Flu.  218.— A  pigmwili-dsiTpiBinoua  lms:il-  Tin.  217.— Same    lUi     FiR.  210    iiflfir 

wll  (7)  ppilli''lio"i"-  fuiir    hyperinti'naive    do»ea      There  waa 

a  recurrence   in   one  und  a  halF    yean 
which    disappeared    with    one      radium 
uppIicalioD,    There  has  been   do  rccur- 
ruiire  (ur  three  years 
The  key  to  Table  XIV  ib  as  foUoB-s: 

In  the  first  vertical  column  there  were  200  out  of  a  total  of  409  unfiltered 
cases  that  received  only  one  treatment.  Of  these  200  cases,  193  were  cures 
and  7  failed  to  improve.  Tlierefore  47  per  cent,  of  the  409  unfilterai  cases  were 
"cured"  in  one  treatment.  The  tolal  499  is  obtained  by  adding  the  various 
unfiltered  totals  in  the  first  horizontal  column.  In  the  second  vertical  column 
we  find  that  8  out  of  62  filtered  case.8  received  one  treatment.  Three  of  these 
patients  were  cured;  in  othes  words,  6  per  cent,  of  the  tola!  numlwr  of  filtered 
cases  were  cured  in  one  treatment.  The  failure  percentage  is  also  taken  from 
the  total  52,  but  for  the  relapses  the  "cured  and  not  followed"  case  la  deducted 
from  the  3  cures  and  the  percentage  obtiuned  from  the  remaining  2  cases 
that  were  "cured"  and  that  remained  under  observation. 

Effects  of  Curettage.  — After  eliminating  the  cases  with  unknown  results,  there 
was  a  total  of  275  lesions  that  were  curetted  immediately  preceding  the  appli- 
cation of  the  roentgen  raj«.  Table  XV  gives  a  comparison  between  the  results 
obtained  in  cases  that  were  and  tho.'w  that  were  not  curetted. 

TABLE  XV. — COMPARISON  OF  RESULTS  iN  CURETTED  AND  NON-CURETTED 
CASES. 


Numbiir 

Cured. 

*iS1^" 

R*I.|H». 

Failuin.. 

Not  curetted 

275 
186 

S2% 
264 

89% 
.57 

8% 

25% 
43 

8% 
17 

14% 
19 

8% 

ai 

11% 

19 
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The  porceiitaKo  of  rolapsos,  nn  in  i\\v.  «»thor  tuhltm,  t«»  Ih»  nC  Iriio  HintiHiionI 
value,  have  Ixhmi  ohtaiiied  afU»r  MubtraclinK  Mio  "cuhMl"  ranoM  that  I'ailtnl  t(i 
remain  under  observation  fnini  the  total  of  •'eured  '*  eaH(«H.  Tlu*  t»tln»r  piMMMMit- 
ages  are  o))tained  fn)ni  the  totals  in  the  first  vertieal  eohnnn.  It  will  I  hi  nmmi 
that  there  is  not  nuieh  differenee  in  perecMitaKc^  lM»twi»i»n  tlie  "eures"  that 
followed  eurettage  and  those  that  were  not  euretted.  Also  the  nuinher  of 
''cures"  as  a  result  of  one  treatment  is  alwiut  the  same  in  iNith  instaiiees 
(Table  XVI).  As  a  matter  of  faet,  howev(»r,  there  was  ipiite  a  marked  dilTer- 
cnce  in  this  resi)cct  as  in  most  of  the  (mrett<Hl  eases  the  s4MM»nd  treatment  was 
simply  given  as  a  precaution  against  re(!urrenee.  Wlu^ther  or  not  this  seeond 
treatment  was  necessary  is  not  known.  Tabh^  XVI  givcw  at  a  glanee  the 
number  of  treatments  recjuired  in  the  eurett4?d  and  non-curetted  cases.  It  will 
be  noted  that  the  f)ercentage  of  recurrenc<»s  is  less  in  the  curett4«d  caw»s, 

The  percentages  in  Table  XVI  wen^  obtained  exiw'tiy  its  in  Table  XIV, 
Here  we  see  that  43  per  cent,  of  the  total  numln^r  of  curett^nl  vuMtm  wax  cure<l 
in  one  treatment  and  42  [M*r  cent,  of  the  cas<»s  that  were  not  curettitd  was  nlmi 
cured  in  one  treatment. 

Effect  of  Location.— On  account  of  the  frequent  Htiiti*uu*nts  Ui  the  nffiwl 
that  epitheliomata  in  certain  locations  are  particularly  recalcitrant  it  was 
thought  advisable  to  chissify  the  results  according  to  locations,  Tabh*  XVII 
provides  these  statistics. 

TABLE  XVll.  — BEHILTK     AfUtANHKI)  M'i'tniinNd  TO  UM'ATION, 
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Refer  to  the  nose  cases  {first  traosverse  txilimm).  The  total  number  of  cases  i| 
is  lli!).  This  includes  the  cures,  150  aitd  the  failures,  19.  The  unknown  cases 
(jMitients  not  rcportiiiR  after  the  cesfiation  of  treatinent)  are  not  inclinled.  The 
percentages  of  cures  and  failures  are  taken  from  the  total  lfi9.  The  i>orcentaKe 
of  relapses  is  obtained  from  the  cures  after  deducting  the  "cured  and  not 
followed"  cases. 

Caaes  Grouped  According  bo  Clinical  Type.— .\  compilation  of  statistics  h 
on  the  clinical  cbantctcristics  of  tlie  lesion."  offers  material  of  piognoatic  value.  1 
In  Table  XVIII  an  attenijit  has  been  niade  to  divide  the  casea  into  (iroups  i 
possefising  distinct  clinical  characteristics.  The  nodular  lesions  were  thosB.I 
which  consisted  of  a  single  nodide,  or  a  group  of  I'oalesred  nndtiles.    Theset' J 


Fia.  218.— Rodent  ulcer. 

lesion-S,  while  at  times  quite  tliiek,  were  for  the  mo.tt  part  sni>ertu'ial.  They 
ranged  in  size  from  a  split-pea  to  a  dime  and,  occajtionally,  a  <iiiarter.  They 
were  not  ulcerated  nor  crusted.  The  ulcero-nodular  lesions  were  nodular 
lesions  wliich  had  undergone  more  or  less  ulceration.  Many  of  the.ie  lesions 
wereaslargeasafifty-cent-pieee  and  some  ft-ere  the  size  of  a  silver  dollar.  The 
superficial  ulcers  were  lesions  ranging  in  site  from  a  Hplit-pea  to  a  ^silver  dollar, 
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free  of  nodules  and  induration.  At  tinics  tliestf  roiisisttit  tif  Imnlly  iimn'  tliiin 
a  HUpcrfidal  cmitioii  covered  with  a  cnist.  Tlio  ilw|),  iiiiiLinitiil  iiUitk  in  hw 
ranfced  from  a  silver  quarter  to  an  tuliilt  luiml.  Tlio  iiKliinilion  hum  il<<n.-M>  iiml 
the  ulceration  exten(le<l  intn  the  sul>nuliim<iius  lisNiic  iiiii]  in  many  inr<liiin'i>M 
involved  the  musdeHnndotltcrini|>nrt4int  Nirui'liirt's,  Tla-  jiililtratctl  |)lni)ii(<rt 
represent  split-pea  to  quartcr-«<iEe>l  areas  of  adherent  li.v|M'rki-nitoMis  with 
underlying  infiltration.  The  verruc4)us  le»iiin  is  (he  inlirtrat4'd  pliu|Uv  jiiit 
mentioned  with  a  papillomatous  or  verrncoMn  surf  mi". 


Fi.i.  219,— .-;»n.   

had  [mvinu-ly  n^nfived   I'M 
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VVIU.K   \\  III.      KKSILTS  AKKANT.ED  ACCORDING  TO  CLINICAL  TYPE. 
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I;  *'//,  V  ^iitx^n  tlwt  tin*  higJH^t  |x^rcontage  of  cures  and  the  smallest  percent- 
\fii*  hV  n\-^jTwn<vs  ^vro  ohtAinod  in  the  su|)erfieial  ulcers.  Next  in  order  come 
;:v  ,;i^>>»>MK\iulAr,  and  tlio  infiltrated  plaque. 

i\l^**^  \IX  shoe's  the  numlicr  of  treatments  administered  to  the  various 
o^v.vsi  tyix^.  l>nly  the  *' cured''  cases  and  the  failures  are  recorded.  It  will 
N*  ?>v*:*\i  that  01  ivr  cont.  of  the  infiltrated  plaques  responded  to  one  treatment 
.iv  ;«<:su\>t  SI  ixT  cent,  for  tlio  verrucous,  60  per  cent,  for  the  superficial  ulcers, 
;UKi  4S  }vr  ivnt.  for  the  mnlulnr  lesions. 

rvUl.K   \IX.      I.K-SIONS  OF  VARIOUS  CUNICAL  Ti'PES  ARIt^NGED 
VCCOKOIXG   TO   NIMPKR   OF  TREATMENTS. 
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O^WV^d.    -'ra!)lo  XX  shows  tho  effect  of  varying  degrees 

":,*    v.s,s.*v'.i   M  ■  u- v'pithehiuuata.    Omitting  the  third  degnnj  reactions 

...      \    «  vo  x'u'v^i:;,.;  mo  leaolion.  on  account  of  their  snuill  numl)ers,  we  find 

'>      '  v    \%^A'^    Nwvaia^i'  01    cun»s  and  the  smallest  iHjrcentage  of   failures 

^'     ^ \,   i. '    sx.*»iv\;  it  svauivlion  with  rcjictions  of  the  second  degree. 

S||K>  -"i  W*  '^  *»*l»ll*.      Table  XXI  records  the  result,s  in  individuals  of 

vV-'^      ♦N*'      •'^^'^*  nUUinUc.n  uulioate  that  the  l)est  results  are  obtained  in 

'-.\n<x\nn  **,^   *i*^  ^^*>  >t*iu-s  of  age  but  the  numl)er  of  ca.'H^i  was  too 


TABLE  XX\- 

BASAL  CELL  EPITh 
-RESULTS  IN  RELATION  •; 

lELIOMA 

rO  DEGREE  OF  REAC 

Cured,  not  [    o «!-„»«. 
followed.        "«ai»«i. 

525 
noN. 

HcactioD. 

Number 
of  cases. 

Cured. 

Failures. 

1 
1 

No  reaction 

29 
49 
19 

99% 

27 

87% 

43 

87% 

17 

1 

3%     ; 
1 

AC/ 
O 

9% 
4 
35% 
6 

1 

i          6% 
2 

1st  degree 

2(1  degree 
3d  degree 

13% 

6 
10%. 

2 

small  to  be  of  value.  The  next  best  showing  was  between  the  ages  of  seventy- 
one  and  eighty-five,  although  when  the  table  is  carefully  studied  it  is  seen  that 
age  makes  very  little  difference.  The  percentages  were  estimated  in  the  same 
manner  as  those  in  Table  XX. 


TABLE  XXI.  — RESULTS  IN  RELATION  TO  AGE  OF  PATIENT. 


Age. 

Number 
of  cases. 

Cures. 

1 

Cures,  not 
followed. 

Relapses. 

Failures. 

1 

20-30 

12 

91% 
11 

27% 
3 

25% 
2 

8% 

1 

31-40 

48 

89% 
43 

37% 
16 

14%> 
4 

10% 
5 

41-50 
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85% 
91 

18% 
17 

16% 
12 

14% 
15 

51-60 

121 

97% 
118 

10% 
12 

10% 
11 

2% 
3 

61-70 

77 

89% 
69 

20%, 
14 

3% 
2 

10% 

8 

71-85 

40 

95% 
38 

2% 
1 

5% 
2 

5% 
2 

Unknown 

57 

89%: 

51 

.... 

5% 
3 

10% 

Effect  of  Sex  on  Results.— The  la.st  table  (Table  XXII)  shows  the  results  in 
relation  to  sex.  The  best  results  were  obtained  in  females.  The  percentages 
here  were  obtained  in  the  same  manner  as  those  of  the  preening  table. 

TAPLE  XXII.  — RESULTS   IN  REL.\TION  TO  SEX. 


Sex. 

1 

1 

Number 
of  cases. 

Cures. 

Cures,  not 
followed. 

Relapses. 

Failures. 

90% 

15% 

10%, 

9%, 

Male        .      . 

232 

210 

33 

18 

22 

' 

92% 

14%, 

9% 

7% 

Female    . 

229 

211 

30 

18 

18 

Statistics  Found  in  the  Literature.— While  there  is  a  voluminous  literature 
dealing  with  the  x-niy  treatment  of  cutaneous  basal-cell  epitheliomata,  there 
are  very  few  articles  that  give  carefully  compiled  statistics.  Pusey's  statistics, 
published  in  1907,  do  not  difTcrcntiatc  l)etween  the  basal-cell  and  the  prickle- 
cell  types.  In  reading  this  article  one  gains  the  impression  t****  «~'*-*  of  the 
cases  were  of  the  basal-cell  variety.  The  report  was  bi 
were  observed  from  three  to  six  years.  Four  of  the 
cured  but  relapsed. 


,l/.i;,/(;.V.l.V7'  .V£H"  aRUWTH.S 


original  percentage  of  90  is  not  materially  reduced.    It  will  Ih-  recalled  • 
that  the  casxa  that  were  obBer\'e(l  for  five  years  showe"!  a  percentage 
of  permanent  curesof  94;  four  year  eases.  SO  per  i-ent.;  three  year  eases, 
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tnic  aa  Kix.  220.  after 
!i  eight  ypais. 


82  per  cent.;  two  year  cases,  S5  per  cent.  These  percentages  can  be 
increased  by  omitting  the  recurrences  that  again  healed  under  the 
influence  of  the  roentgen-rays. 


I 
t 


Fiu.  222.— Rodent  ulwr  with  indu-  Fig.  323.— .Suiip  ns  Fig.  222.  afwr 

rated  margin  which  had  railed  to  heal  four    hytieriutensive.   filtered    j-rsy 

under  the  influence  of  long-continued  treatinentH.   Amibwquent  rwurrence 

fractional  roentKcnixation.  [ailed  Ut  be  inducneod  by  i-iay»  or 

radium. 

Comparison  o!  Methods  of  Treatment.— Now  let  ns  !?ee  Imw  thesi- 
statistics  compare  with  those  associated  with  other  methods  of  treat- 
ment.   Huwii  reports  a  series  of  ITS  basal-cell  epithelioniata  which 
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wer6  treated  by  surgical  excision.  Twenty-eight  patients  were  his  own, 
the  remainder  being  borrowed  from  the  service  of  Dr.  Bloodgood  at 
Johns  Hopkins  Hospital. 

Sixty-four  patients  were  kept  under  observation  for  more  than  three  years. 
Four  of  these  patients  were  well  at  the  end  of  three  years;  13  at  the  end  of  four 
years ;  39  after  five  or  more  years.  In  7  instances  there  was  a  recurrence.  This 
gives  a  percentage  of  permanent  cures  of  86  in  the  unselected  cases.  There 
were  5  practically  hopeless  cases  and  if  these  are  omitted  and  only  the  selected 
cases  considered,  the  percentage  of  cures  will  amount  to  93.  A  further  study 
of  the  treated  cases,  as  regards  the  duration  and  the  extent  of  the  lesion,  gives 
the  following  data: 

Duration.  Cured.  Recurrent. 

1  year 17  2 

2  years 8 

3  years 9 

5  years 12  3 

10  years 17  3 

Size.  Cured.  Recurrent. 

Under  1  inch  33  2 

1  to  2  inches 19  2 

Extensive 4  4 

It  will  be  seen  that  there  is  really  very  little  difference,  according  to 
statistics,  between  the  results  obtained  by  surgical  excision  and  by 
j'-ray  treatment.  Sherw^ell  obtained  9(1  per  cent,  of  permanent  cures 
in  unselected  cases  w^th  the  xigorous  use  of  acid  nitrate  of  mercury 
after  a  thorough  curettage,  but  this  estimation  is  not  based  on  carefully 
compiled  statistics.  The  literature  does  not  appear  to  contain  statis- 
tics based  on  the  use  of  the  various  caustics  such  as  arsenic,  carbon 
dioxid  snow,  zinc,  actual  cautery,  desiccation,  etc.  It  has  been  claimed 
by  A.  Robinson  and  others  that  arsenical  paste,  if  properly  employed, 
gives  as  high  a  percentage  of  permanent  cures  as  does  any  other  method. 
It  is  the  consensus  of  opinion  among  dermatologists  that  a  vigorous- 
acting  caustic  if  thoroughly  applied  constitutes  an.  excellent  method  of 
treatment.  On  the  other  hand,  there  seems  to  be  verv  little  confidence 
in  carbon  dioxid  snow,  superficial  caustics,  electrolysis,  and  similar 
agents. 

Method  of  Election.— The  object  of  any  treatment  is  to  destroy  every 
malignant  cell.  If  this  can  be  accomplished  a  cure  is  the  result.  So 
far  as  concerns  statistics  this  object  in  unselected  cases  is  most  nearly 
attained  by  irradiation  or  by  excision. 

Both  methods  possess  advantages  and  disadvantages.  The  principle 
disadvantage  of  excision  is  the  difficulty  of  remoxing  all  pathological 
tissue.  This  is  especially  true  in  large,  deep-seated,  adherent  lesions 
or  lesions  that  are  situated  in  inaccessible  locations  such,  for  instance^ 
as  the  inner  canthus.  Even  when  dealing  with  a  small  epi 
limited  entirely  to  the  skin  and  situated  in  a  favorable  loca 
surgeon,  in  an  endeavor  to  obtain  a  good  cosmetic  result  and  j 
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reasHiis,  is  likely  to  t-iit  too  dose  to  the  macroscopical  lesion  tb 
leaviiin  inaliKiiiUit  cells  in  nilii.     In  !i  niiinfier  of  supimseiUy  succes! 
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**p"isions  the  author  has  obtained  the  excised  tissue  in  toio,  cut  it 
^^*^«Jly  and  found  that  the  prohferated  epithelial  cells  extended  to  the 
^^K^  (if  the  incision.  It  is  a  questitm  if  such  an  examination  should  not 
J.        *:»iade  after  everj-  excision  and  if  the  indications  warrant,  j^-rays  or 

^lium  can  be  employed  to  prevent  a  recurrence. 
I       ^^^hcr  objections  to  excision  are  the  shock  to  old  and  feeble  persons, 

^«s  of  time,  pain  and  deformity. 

.        ^ATien  treating  epithelioma,  even  a  small   basal-ceil  growth,  the 

^^^neiple  object  is  to  completely  destroy  the  disease.    While  the  cos- 

-^^?tic  result  is  worthy  of  serious  consideration,  it  is  of  secondary 

***portance.     It  is  the  duty  of  the  physician  to  select  a  method  of 

^*^atment  that  in  his  opinion  will  moat  likely  eradicate  the  disease. 

*-f  there  is  a  method  that  will  accomplish  this  purpose  and  at  the  same 

^\mc  give  H  superior  cosmetic  result,  such  treatment  will  constitute 

the  method  of  election. 


\ 


Small  lesions  can  be  destroyed  with  j'-rays  or  radium  and  the  cos- 
metic result  is  so  perfect  that  it  is  impossible  to  detect  the  former  site 
of  the  disease.  On  the  other  banH  there  is  always  the  possibility  of 
such  sequclBP  as  atrophy  and  teianniectasia.  In  this  connection,  in 
the  author's  series  of  l>44  patients,  there  were  only  (i  cases  of  telan- 
giectasia and  these  wcurred  in  recalcitrant  cases  that  reciuire<!  con- 
siderable treatment.  Telangiectasia  subsequent  to  a  first  or  seemid 
degree  radiodemiatitis  is  not  an  uncommon  phenomenon  and  it  is 
curious  why  it  does  not  occur  mort  often  in  epithelioma  cases.  Pos- 
sibly this  "  immunity"  is  due  to  the  fact  that  most  of  the  patients  are 
beyond  forty  years  of  age. 

Excision  alwa>'s  leaves  more  or  leas  scarring.  I'lcerated  lesions  that 
involve  the  true  skin  or  the  subcutaneous  tissue  will  leave  a  scar  no 
matter  how  treated,  but  the  deformity  is  less  subsequent  to  irradiation 
tha'i  with  any  other  fonn  of  treatment.    Without  entering  into  further 
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argument  suffice  it  to  say  that  insofar  as  concerns  cosmetic  resul 
x-rays  ant!  railinm  offer  tUstinct  advantages  over  other  methods. 

It  is  doubtful  if  there  can  he  a  method  of  election  for  unselected  cases 
of  basal-cell  epithelioma.    The  experienced  physician  will  select  t 
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treatment  that  promises  the  best  result  in  the  individual  case.  How- 
ever, assuming  that  excision,  powerful  caustics  combined  with  curettage, 
or  irradiation  will,  when  adequately  applied,  cure  the  average  case  of 
basal-cell  epithelioma,  the  author  favors  the  last  method.  The  reasons 
for  the  selection  are  as  follows:  There  is  no  pain  nor  inconvenience  in 
the  case  of  a  healthy  and  active  person  and  no  shock,  "mental  or  physical, 
to  aged  or  weak  or  nervous  patients.  There  is  no  interference  with 
vocations.  The  often  injurious  psychological  effect  of  surgerj'  is 
avoided.  The  cosmetic  results  are  superior  to  those  obtained  by  other 
methods.  It  is,  therefore,  a  good  routine  in  practically  all  cases  to  try 
irradiation  first. 

Prognosis  Affected  by  Previous  Treatment.— It  is  well  known  that 
certain  methods  of  treatment  or  almost  any  treatment  inadequately 
applied,  may  make  a  basal-cell  epithelioma  more  recalcitrant.  Pre- 
sumably this  increased  malignancy  is  caused  by  the  stimulating  action 
of  such  treatment  on  the  malignant  cell  together  with  a  lowering  of 
\itality  of  the  suri'ounding  tissues.  Table  II  shows  that  the  most 
stubborn  lesions  are  those  that  have  received  repeated  courses  of  j-ray 
treatment  administered  in  small  doses.  It  is  advisable,  therefore, 
when  selecting  a  method  of  procedure,  to  consider  the  previous  treat- 
ment and  its  result.  If  there  is  a  historj^  of  long-continued  irradiation, 
or  if  the  skin  in  the  neighborhood  of  the  lesion  (original  or  recurrence) 
shows  roentgen-ray  sequelae,  it  would  seem  advisable  to  employ  some 
method  other  than  x-rays  or  radium. 

Recalcitrant  Lesions. — If  a  lesion  does  not  respond  at  once  to  hj-per- 
intensive  radiation  it  is  advisable  to  utilize  some  other  method  instead 
of  proceeding  with  roentgenization  indefinitely,  ^5ome  roentgeno- 
logists will  not  agree  with  this  statement.  They  are  convinced  that 
ever}'  basal-cell  epithelioma  can  be  cured  with  the  a--rays  or  with  radium 
if  the  dose  is  sufficiently  intensive,  the  treatment  being  pushed  to  the 
point  of  producing  a  third  degree  radiodermatitis  if  necessar\'.  In 
confutation  of  this  opinion  the  author  has  studied  tissue  removed 
from  o'-ray  ulcers  (on  the  site  of  a  basal-cell  epithelioma)  of  long  dura- 
tion and  found  actively  proliferating  epithelial  cells  deep  in  the  tissue 
or  at  the  edge  of  the  ulcer. 

When  ar-rays  or  radium  fail  to  cure  a  basal-cell  epithelioma,  the 
failure  is  nearly  always  due  to  neglect,  poor  judgment,  inadequate  or 
improper  treatment,  etc.  However,  it  must  be  admitted  that  there  are 
basal-cell  tumors,  even  verv  small  lesions  that  have  never  been  treated, 
that  simply  cannot  be  cured  with  these  agents.  Fortunately  such 
instances  are  rare. 

If  irradiation  is  going  to  l)e  successful  there  will  be  a  distinct  improve- 
ment subsequent  to  the  first  intensive  or  hyperinteni^ive  treatment. 
If  such  improvement  is  not  manifest,  further  irradiation  is  contra- 
indicated.  It  occasionally  happens  that  a  lesion  will  show  improve- 
ment after  the  first  two  or  three  treatments  and  then  irradiation  loses 
its  efficacy.    In  such  instances  additional  irradiation  is  not  warranted. 
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In  fofmer  years  it  was  the  practice  to  administer  small  doses  once  or 
twice  weekly  until  an  erythema  developed  or  until  the  lesion  dis- 
appeared. It  was  not  unusual  to  give  fifty  or  even  a  hundred  such 
treatments.  The  percentage  of  clinical  cures  was  small  and  the  per- 
centage of  recurrences  was  large.  There  is  reason  to  believe  that  small 
doses  stimulate  the  malignant  cell  and  unless  these  small  amounts 
are  administered  with  sufficient  frequency  to  provide  rapid  accumula- 
tion the  result  is  likely  to  be  undesirable.  Under  fractional  treatment 
the  disease  may  disappear,  but  it  is  more  likely  to  persist  and  even 
progress  more  rapidly  and  it  may  become  more  recalcitrant  to  any 
form  of  treatment.  As  a  rule  an  epithelioma  that  has  been  treated 
with  fractional  irradiation  will  not  respond  favorably  to  ari  intensive 
treatment  unless  several  months  have  elapsed  since  the  last  fractional 
treatment  was  administered.  Pusey  has  always  been  an  advocate  of 
fractional  treatment  and  his  results  have  been  excellent.  The  explana- 
tion is  simple.  Pusey's  fractional  treatment  does  not  correspond  with 
fractional  treatment  as  outlined  in  Chapter  XIX.  His  dose  is  much 
larger  and  the  intervals  between  treatments  are  shorter.  The  desired 
effect  is  obtained  within  a  month  so  that  his  routine  is  intensive  rather 
than  fractional.  As  outlined  in  (^hapter  XI X  intensive  treatment  may 
consist  of  a  single  erythema  dose  or  smaller  doses  so  spaced  in  time 
that  the  effect  is  the  same. 

Preliminary  Curettage.— Fordyce  was  the  first  to  suggest  preliminary 
curettage.  Belot  and  others  have  found  the  idea  an  excellent  one. 
The  method  has  advantages  and  disadvantages.  The  procedure  is 
surgical  and  is  associated  with  many  of  the  objections  given  when 
discussing  surgical  methods.  While  it  is  decidedly  advantageous  to 
precede  irradiation  by  curettage  this  step  is  by  no  means  necessar\'  in 
the  majority  of  cases.  With  preliminary  curettage  one  is  more  certain 
to  obtain  a  cure  in  one  or  two  treatments,  especially  is  this  true  of 
nodular,  or  deep-seated,  or  indurated  lesions.  In  well-advanced  lesions 
the  percentage  of  clinical  cures  is  greater  with  than  without  curettage. 
Basal-cell  epitheUomata  being  non-metastatic,  curettage  may  be  per- 
formed with  safety. 

Quality  of  Radiation. — There  is  a  difference  of  opinion  among  roent- 
genologists as  to  the  best  spark-gap  length  to  use  for  the  treatment  of 
cutaneous  epithelioma.  Some  writers  advise  a  9-inch  spark  gap  and 
heavy  filtration  for  all  cases;  others  prefer  a  shorter  spark  gap  (3  to  0 
inches)  without  filtration.  Schultz  has  obtained  good  results  with  a 
2-inch  spark-gap  in  cases  that  failed  to  yield  to  a  more  penetrating 
radiation.  At  times  a  lesion  that  failed  to  involute  under  the  influence 
of  unfiltered  radiation  will  disappear  when  subjected  to  filtered  radia- 
tion. The  opposite  also  occasionally  hajipens.  I'lifortunately  there 
is  no  statistical  evidence  pointing  to  the  superiority  of  any  given  wave 
length  used  as  a  routine.  The  author's  impression  is  that  it  makes 
little  difference  what  spark-gap  is  used,  within  reasonable  Umits,  as  a 
routine.    But  it  is  inadvisable  to  establish  a  routine  technic.     If  all 
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visible  or  palpable  evidence  of  disease  is  removed  \i'ith  a  curette  it  is 
difficult  to  understand  the  advantage  of  applying  filtered  radiation  to 
the  open  wound.  Theoretically,  "soft"  radiation  would  be  of  possible 
advantage  here.  Small,  ver\'  sup>erficial  lesions  seem  to  respond  equally 
well  to  filtered  or  unfiltered  radiation.  Filtration  is  sp>ecifically  indi- 
cated in  large,  thick  lesions,  especially  when  the  entire  derma  and  the 
subcutaneous  tissue  are  involved. 

Dosage. — H\T>erintensi ve  treatment  is  advised .  The  dose  is  repeated 
in  four  weeks  providing  the  reaction  subsequent  to  the  first  treatment 
has  subsided.  In  some  instances  it  may  be  necessary-  to  wait  six  or 
eight  weeks  before  administering  the'  second  treatment.  H^-perin- 
tensive  treatments  are  continued  until  the  disease  is  clinically  cured. 
If  four  to  six  such  treatments  fail  to  effect  a  clinical  cure  it  is  preferable 
to  institute  some  other  form  of  treatment.  The  exact  size  of  the  dose 
will  depend  upon  the  age  of  the  patient,  the  size,  thickness,  depth  apd 
location  of  the  lesion,  etc.  It  will  range  from  Hi  to  H2  S.  I).,  unfiltered 
(see  Chapter  XIX). 

Eyelid  Lesions.— The  main  question  here  concerns  suitable  protection 
of  the  eye.  While  this  organ  tolerates  large  amounts  of  radiation  with- 
out injury-,  it  should  be  protected  as  much  as  possible.  If  the  lesion  is 
situated  on  the  lower  lid,  the  lid  can  be  pulled  away  from  the  eyeball 
and  fastened  in  place  by  a  strip  of  zinc  plaster,  one  end  of  which  is 
attached  to  the  lid  while  the  other  end  is  fastened  to  the  neck.  When 
treating  lesions  on  the  upper  eyelid  it  is  customary-  to  cocainize  the 
eye  and  to  insert  under  the  lid  several  layers  of  gauze  which  have  been 
thoroughly  impregnated  with  a  thick  zinc  oxide  paste.  Lead  foil  may 
be  used  instead  of  the  gauze. 

For  advice  relative  to  the  treatment  of  convex  and  concave  surfaces, 
protection  of  healthy  tissue,  cross-fire  and  general  technical  details, 
see  Chapter  XIX. 

Causes  of  Failure.— /'ai/i/re  to  Destroy  Lower  Strata  of  Celh.—\  lesion 
may  appear  to  be  clinically  cured  while  the  epithelial  cells  in  the  deeper 
part  of  the  growth  continue  to  proliferate.  Cr  such  cells  may  remain 
inactive  for  a  few  weeks  or  months  and  then  begin  to  proliferate.  It 
is  even  possible  that  the  lowermost  cells  in  a  large  tumor  may  show 
increased  activity  during  the  course  of  treatment.  Failure  to  apply 
a  lethal  dose  to  these  cells  may  be  due  to  the  use  of  unfiltered  radiation 
when  filtration  is  indicated,  or  the  individual  or  collective  dose  may  be 
too  small .  In  order  to  apply  a  lethal  dose  to  deep-seated  cells  it  is  often 
necessary  to  use  filtered  radiation,  to  cross-fire  and  to  apply  as  large 
doses  as  possible  without  seriously  injuring  normal  tissue. 

Resistant  fV//.y.— liarely  one  encounters  an  untreated  basal-cell  epi- 
thelioma that  fails  to  involute  under  the  influence  of  a--ravs  or  radium. 
Such  resistance  is  common  in  cases  that  have  been  inadequately  or 
improperly  treated  with  these  or  with  other  therapeutic  agents.  In 
either  instance  it  is  inad\isable  to  continue  the  use  of  x-rays  or  radium 
beyond  a  fair  trial. 
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It  is  probable  that  cells  comprising  a  malignant  neoplasm  vary  in 
susceptibility  to  irradiation  and  this  variation  is  due  to  the  life  cycle 
of  the  cell.  A  cell  during  its  rest  stage  is  less  susceptible  than  one  that 
is  undergoing  division.  It  is  conceivable,  therefore,  that  at  the  moment 
of  treatment,  there  might  be  cells  capable  of  resisting  the  usual  thera- 
peutic dose  (see  Cliapter  XVIII).  This  theoretical  possibility  suggests 
the  advisability  of  one  or  two  "prophylactic**  treatments  when  a  lesion 
is  apparently  cured  with  one  application.  The  prophylactic  doses  may 
be  intensive  or  subintensive,  rather  than  hyperintensive. 

Theoretically  there  is  a  better  way  to  insure  against  the  escape  of 
cells  in  the  rest  stage.  Kinger>'  has  shown  that  50  per  cent,  of  j*-ray 
effect  is  lost  in  three  and  a  half  days;  therefore  to  keep  the  tissue  in  a 
state  of  saturation  for  a  period  of  several  weeks  it  is  necessary  to  admin- 
ister one-half  saturation  dose  ever>'  three  and  a  half  days.  The  details 
of  Kinger>'*s  method  are  given  in  Chapter  XVIII. 

Inadequate  Dosage. — No  one  has  estimated,  experimentally,  the 
amount  of  radiation  required  to  destroy  all  the  malignant  cells  in  a 
basal-cell  neoplasm.  Wood  and  Prime,  and  others  have  determined 
the  lethal  dose  for  metastatic  epithelioma  (Chapter  XVllI).  Prac- 
tical experience  shows  that  the  lethal  dose  for  basal-cell  epithelioma 
is  considerably  less  than  for  metastatic  epithelioma.  A  single  erythema 
dose,  properly  administered,  will  suffice  for  many  tumors  of  the  basal- 
cell  type.  Judgment,  experience  and  skill  in  observation  are  required 
to  determine  adequate  treatment  in  a  given  case.  It  is  preferable  to 
apply  a  little  more  radiation  than  is  necessary  rather  than  an  amount 
that  is  inadequate,  but  this  must  not  be  carried  to  the  point  of  undue 
injury-  to  normal  tissue.  It  is  npt  justifiable  to  effect  a  third-degree 
radiodermatitis  nor  to  cause  an  injurious  degree  of  atrophy  or  sclerosis. 

Failure  to  Destroy  Peripheral  Cells,— ^lost  recurrences  l>egin  at  the 
edge  or  just  beyond  the  periphery'  of  the  former  lesion.  This  may  be 
due  to  too  close  shielding.  Histological  studies  and  practical  experi- 
ence demonstrate  that  malignant  cells  may  extend  for  several  milli- 
meters or  even  centimeters  beyond  the  visible  or  palpable  edge  of  the 
lesion.  It  is  essential,  therefore,  that  at  least  one-quarter  inch,  pre- 
ferably one-half  inch,  of  normal  skin  around  the  lesion  be  included  in 
the  field  of  radiation. 

Convex  lesions,  ver>^  large  lesions,  and  lesions  situated  in  inaccessible 
locations  may  interfere  with  the  application  of  the  lethal  dose.  Infor- 
mation relative  to  treatment  under  such  conditions  will  be  found  in 
Chapter  XIX. 

Inadequate  Observation.— \heT  a  clinical  cure  has  l)een  established 
the  site  of  the  former  lesion  should  be  inspected  every  six  months  for 
five  years.  Failure  to  keep  patients  under  observation  has  l)een  the 
cause  of  manv  obstinate  and  destructive  recurrences.  The  observer 
should  be  able  to  detect  the  earliest  e\idence  of  recurrence  in,  under, 
or  beyond  the  scar. 
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Radium.  -It  is  the  ()i)inion  of  the  writer  that  as  a  routine  treatment 
for  basal-cell  ei)ithelioma  J*-rays  and  radium  have  the  same  value.  Jn 
individual  cases,  however,  there  is  a  difference.  Occasionally  a  tumor 
will  involute  under  the  influence  of  radium  beta  rays  after  x-rays 
have  failed  to  be  of  benefit.  The  author  has  never  been  able  to  cure 
a  basal-cell  epithelioma  with  o^-rays  after  failing  with  radium.  Abo 
he  has  not  been  able  to  accomplish  with  gamma  rays  what  could  not 
be  done  with  x-rays.  Radium  is  more  convenient  and,  for  this  reason, 
more  efficacious,  when  the  disease  is  located  in  inaccessible  locations, 
such  as  the  edge  of  the  eyelid,  the  external  auditory  meatus,  or  wiien 
the  nasal  or  buccal  mucosa  is  involved.  Also,  in  many  instances,  it  is 
easier  to  cross-fire,  or  to  obtain  a  plane  radiating  surface  for  convex 
and  irregular  surfaces,  with  radium  than  with  a;-rays.  At  times  both 
agents  may  be  used  to  advantage  as,  for  instance,  a  tumor  on  the  nose 
might  be  treated  by  applying  a:-rays  externally  while  a  radium  tubular 
applicator  is  placed  in  the  nose. 

The  writer  has  a  distinct  impression  which,  however,  is  not  supported 
by  statistics,  that  beta  rays  are  more  efficacious  than .^re  gamma  rays. 
Therefore  when  possible  it  is  preferable  to  utilize  beta-raysCr  Judgment 
is  required  in  selecting  cases  for  beta  ray  therapy.  If  a  tumor  is  more 
than  2  cm.  in  depth  it  is  preferable  not  to  use  beta  rays  unless  the 
location  or  the  shape  of  the  tumor  is  such  as  to  permit  cross-fire  treat- 
ment. I'nfiltered  applicators  are  contra-indicated.  A  screen  of  from 
Yo  to  3  mm.  of  aluminium  or  the  filtering  equivalent'  in  some  other 
material  should  be  used,  the  degree  of  filtration  depending  upon  the 
thickness  of  the  tumor.  It  is  permissible  to  employ  radium  needles 
in  the  treatment  of  basal-cell  epithelioma  because  there  is  no  danger 
of  met4istasis.  For  further  information  relative  to  radium  technic 
and  the  relative  value  of  radium  and  j-rays,  see  Chapters  XII  and  XIX. 

PRIMARY  PRICKLE-CELL  EPITHELIOMA. 

Cutaneous  epithelioma  of  the  squamous  or  prickle-cell  type  may 
develop  in  the  skin  or  in  the  mucosa.  The  writer  agrees  with  Pusey, 
Boggs  and  others  who  aver  that  most  of  these  growths  can  be  eradicated 
with  .r-rays  or  radium  if  the  lesion  is  recognized  sufficiently  early  and 
the  treatment  is  inmiediately  and  properly  applied.  But  he  is  not  in 
accord  with  men  who  advise  irradiation  as  the  method  of  election  in 
cases  of  well-developed  prickle-cell  epithelioma  even  when  there  are 
no  palpable  glands. 

Prickle-cell  epithelioma  is  an  exceedingly  dangerous  affection. 
Success  lies  in  early  diagnosis  and  the  immediate  institution  of  radical 
treatment.  Delay  in  diagnosis,  or  delay  in  instituting  treatment,  or 
inadequate  treatment,  is  hazardous  because  metastasis  may  occur 
at  any  moment .  The  absence  of  palpable  glands  does  not  mean  absence 
of  metastasis.  \'ery  frequently  local  growths  are  permanently  cured 
only  to  have  the  disease  appear  in  the  neighboring  lymphatics  a  few 
months  or  a  year  or  two  later.    This  happens  after  surgery  and  after 
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irradiation  in  cases  that  do  not  exhibit  evidence  of  metastasis  at  the 
time  of  treatment.  It  is  probable,  in  such  instances,  and  even  in 
very  early  cases,  that  metasta^s  occurred  prior  to  the  treatment. 

Because  of  the  possibility  of  malignant  cells  being  present  in  the 
neighboring  lymphatics  it  is  customary  to  irradiate  the  Iv-mphatics 
that  druiTi  the  site  of  the  lesion.  While  there  is  no  convincing  statistical 
evidence  that  such  treatment  is  of  value,  the  method  is  indicated 
theoretically.  Furthermore  it  is  the  opinion  and  impression  of  surgeoin 
radiologists  and  dermatologists  that  such  treatment  is  of  great  valt^' 


Fig.  236.— Prickle-cell  epithelionia.  t'la,  237.— Tbe    same   us    t'lK.    23».    ^ 

afler  iva  byperintensivr  doses  of  fil-  ^M 
tered  T-ruys.     No  repuirence   (or  five  ^B 

As  there  is  substantial  clinical  evidence  for  this  opinion  even,-  patient 
with  prickle-cell  epithelioma,  whether  the  primary  growth  is  irradiated 
or  excised,  should  receive  the  possible  or  probable  benefit  to  be  derived 
from  such  treatment.  Incidentally  many  surgeons  after  excising  a 
lesion,  not  only  advise  irradiation  of  the  neighboring  lymphatics  but 
also  the  site  of  the  former  lesion. 

Tran^tional  lesions,  that  is,  a  lesion  in  the  transitional  stage  between 
a  preepithelioraatous  growth  and  a  true  epithelioma  and.  also,  verj- 
smalt  pricklewwil  epitheliomata  of  the  skin  or  mucosa,  can  be  destroyed 
with  j-rays  or  radium  with  a  reasonable  degree  of  certainty.  After  the 
lesion  has  become  indurated,  ulcerated,  and  has  invaded  the  deeper 
derma  and  perhaps  the  sulicutaneous  tissue,  the  result  of  irrailtation 
is  uncertain.    We  recall  with  pardonable  [tride  and  pleasure  our  suof" 
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cessful  cases,  and  endeavor  to  forget  the  poor  unfortunates  who  failed 
to  respond  favorably  to  the  treatment.  Success  in  the  writer's  hands 
has  been  limited  to  a  ver>'  small  percentage  of  unselected  cases. 

It  is  a  w^ell-known  fact  that  the  degree  of  malignancy  is  not  always 
the  same  in  tumors  of  the  same  morphological  type;  also  that  the 
tumors  behave  differently  when  irradiated.  The  writer  has  failed  to 
cure  small,  but  rapidly  growing  tumors  having  a  duration  of  from  three 
weeks  to  three  months;  failures  have  occurred,  also,  in  less  malignant 
tumors.  On  the  other  hand  inoperable  and  apparently  hopeless  cases 
have  been  clinically  cured  and  have  remained  well  for  from  two  to 
seven  vears. 

Statistics. — X-ray. — Bi88eri6  reports  24  cases  of  epithelioma  of  the  lip  with 
14  cures,  8  failures  and  2  recurrences.  Also  17  cases  of  epithelioma  of  the 
tongue  with  2  cures,  14  failures  and  1  recurrence.  The  period  of  observation 
was  fifteen  months. 

Boggs  claims  90  per  cent,  of  cures  in  early  epithelioma  of  the  lip  and  above 
50  per  cent,  for  advanced  cases.    He  does  not  give  tal)ulated  statistical  results.* 

Radium, — Greenough  reports  on  the  radium  treatment  of  inoperable  cases 
with  palpable  glands  as  follows: 

NunilxT  Clinical 

uf  casrs.  cures. 

Lip 19  4 

Mouth 5.3  0 

Sweitzer  obtained  36  clinical  cures  out  of  43  cases  of  epithelioma  of  the  skin 
and  of  the  lip.   The  cases  included  both  basal-cell  and  scjuanious  cell  growths. 

Duane  and  Greenough  report  as  follows: 

Number  ClinicAl 

of  cases.  cures. 

Lip 19  4 

Mouth 02  I 

fCardnoma 83  33 

mcinJ  Epidermoid  cancer 58  15 

'^        I  Rodent  ulcer 34  12 

[•*  Epithelioma" 21  9 

Janeway*s  statistics  are: 

Nunihor  Clinical 

of  cases.  cures. 

Lip 24  6 

Tongue '^0  4 

Skin  (mixed  ty|>r8) 93  66 

Burrow's  statistics: 

Nunilwr  Well  at  end  of 

of  cAJtos.  1  year. 

Lip 12  2 

Skin  (squamous) 51  9 

Mouth  and  tongue 154  10 

Rodent  ulcer 123  62 

Statistics  reported  by  Pinch 

Number  Clinical 

of  canes.  cures. 

Skin  (wiuamous) 74  10 

Mouth 311  6 

RcKlent  ulcer 508  322 

*  Hazen  reports  on  the  r-ray  treatment  of  prickle-crll  epithelioma  as  follows:  Numljer 
of  cases,  15;  clinical  cures,  7;  permanent  cures.  4. 
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Surgery. — Broders  rejM)rts  on  537  cases  of  squamous-cell  epithelioinaof  the 
lip.  Of  the  patients  o})erated  and  traced,  40.^  per  cent,  are  dead;  59.48  per 
cent,  are  alive.  Of  the  latter  92.85  per  cent,  luive  been  free  of  epithelioma  for 
an  average  of  7.76  years.  Of  the  patients  who  died  at  various  lengths  of  time 
after  a  clinical  cure  and  about  whom  information  has  l)een  received,  63.63  per 
cent,  died  from  epithelioma.  The  operative  mortality  was  only  0.77  per  cent. 
The  lym{)li  nodes  were  removed  in  87  per  cent,  of  the  cases.  Of  these.  23  per 
cent,  showed  evidence  of  metastasis.  Of  the  total  of  537  patients  78.14  per 
cent,  are  now  free  of  epithelioma  or  have  died  from  diseases  other  than  cancer. 

Murphy,  quoted  by  Boggs,  admits  52  per  cent,  failures  in  favorable  cases 
and  a  mortality  of  75  per  cent,  in  patients  who  have  i)alpable  glands. 

Bl(K)dgo()d  finds  that  postK)perative  mortality  has  l)een  reduced  in  recent 
years  l)y  new  methods  of  surgery  and  early  diagnosis.  In  the  last  five  years 
he  has  operated  on  14  ciu^es  of  epithelioma  of  the  lip  in  which  there  have  been 
but  two  recurrences. 

Butlin  reports  on  197  cases  of  epithelionui  of  the  tongue  as  follows: 

I )i(?(l  from  ofTect  of  operation 20 

Faik'd  to  remain  under  observation 1 

Died  of  recurrence 91 

Palliative  operations 8 

Twenty-two  patients  are  either  free  of  recurrence  at  the  end  of  three  yewrs 
or  have  died  from  some  disease  other  than  epithelioma.  Fifty-five  patients 
are  alive  and  well.  The  peri(Kl  of  ol)servation  ranges  from  three  to  twenty-one 
years. 

Combined  Treatment.— There  is  a  large  number  of  articles  dealing 
with  surgical  methods  combined  with  irradiation  but  while  the  results 
reported  are  very  encouraging,  few  of  these  articles  give  statistics. 
Pfahler,  Clark,  Lain,  Peters  and  many  others  have  written  on  this 
subject. 

(\mimeuiH.-  The  figures  quoted  in  most  of  the  statistical  reports  are 
not  such  as  to  cause  elation,  especially  when  one  does  not  know  the 
details  of  the  cases.  ^lany  of  the  reports,  especially  those  dealing  with 
radium,  relate  mostly  to  inoperable,  almost  hopeless  cases.  The  high 
l)crcentages  of  cures  obtained  by  some  authors  are  due  largely  to  the 
fact  that  the  cases  were  favorable  ones. 

The  successful  results  obtained  in  early  or  favorable  cases  with 
radical  treatment  demands  that  attenti(m  be  focused  on  early  diagnosis 
and  the  institution  of  immediate  and  radical  treatment.  At  the  present 
writing  the  author  regards  well-developed,  prickle-c*ell  epithelioma 
of  the  skin  or  the  nnicosa,  a  surgical  disease  and  it  should  receive 
nulical  surgical  treatment.  There  is  reason  to  believe  that  preliminary 
and  especially  post-operative  irradiation  at  the  site  of  the  lesion  and 
also  irradiation  of  th(^  lymphatics  that  drain  the  region  of  the  lesion, 
is  of  great  service  in  completely  eradicating  the  disease. 

For  information  relative  to  the  lethal  dose  for  canc*er  cells  and  the 
'*  radiosensitivencss"  of  difVerent  types  of  cancer  cells,  the  rejider  is 
referred  to  (  liapter  Will. 

The  occasional  excellent  results  obtained  in  inoperable  cases  with 
radiuni  and  ^-rays  warrants  the  use  of  these  agents  in  all  such  cases. 
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The  results  uhtuJned  in  apparent!)'  hopeless  cases  with  a  combination 
of  Fulguration  (desieeation)  arrays  and  radium,  by  Pfahler,  Clarke  and 
others,  should  make  one  refuse  to  eonsider  h  case  as  positively  incurable 
nntil  this  method  has  been  given  a  trial. 

Tfvhnie.~The  technic  of  application  does  not  materially  differ 
from  that  described  under  the  heading  of  basal-cell  epithelioma. 
Here,  the  desire  for  a  good  cosmetic  result  must  not  interfere  with 


adequate  treat u^ent "  The  dose  must  !«_  large,  sufficient  to  effect  a  ■ 
first-degree -reaction^. -■  A(!^«tage  should  be  taken  of  the  cross-fire 
methwi  whenever  possible.  It  is  essential  not  to  stimulate  the  malig- 
nant cells  in  the  deeper  part  of  the  lesion.  To  avoid  this  it  is  advisable 
to  use  heavily  filtered  gamma  rays  (»r  filtered  j--rays  if  the  le.sinn  is  more 
than  a  centimeter  or  two  in  thickness.  I.esions  that  are  less  than 
2  em.'_in  thickness  ma.\-  be  treated  with  filtered  beta  rays.  The  treat- 
ments are  given  ai  intervals  of  three  or  four  weeks  or  the  tissue  is  kept 
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under  the  influence  of  the  radiation  for  two  or  three  weeks  \>y  thi 
method  advocated  by  Kingery  (see  Chapter  XVIII).     If  there  i 
improvement  subsequent  to  the  first  treatment,  or  if  at  any  time  tbi 


FiH.  241. — A  well-developed  prickle-coll  t'lu-  -■!-■    -Suiue  paiien' 

Bpithelioma  of  the  lip,  without  palpable  Fig.  241  niter  j-tny  trihatmcut.    This  pi 

elantk  in  thF  n?ck.     PhotogTBph  taken  in  tograph  was  taken  in  1012.     (CourU 

1803.     (Courtesy  of  Dr.  W.  A.  Pusey.)  of  Dr.  W.  A.  Pusey.) 

lesion  ceases  to  improve,  it  is  a<i\nsable  at  once  to  institute  some  n 
form  of  treatment. 

In  all  cases  the  neighboring  lymphatics  should  be  irradiated  to  t 
point  of  akin  toleration  with  heavily  filtered  ratliation.     In  ( 
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palpable  glands  such  treatment  is  continued  until  the  glands  subside 
or  until  the  patient  is  beyond  hope.  In  the  absence  of  palpable  glands 
it  is  difficult  to  say  how  much  treatment  should  be  given.  It  is  usual 
to  administer  from  three  to  six,  filtered,  cross-fire  treatments  at 
monthly  intervals. 

It  is  the  concensus  of  opinion  that  it  is  dangerous  to  curette  prickle- 
cell  growths  on  account  of  the  possibility  of  metastasis.  The  same  is 
probably  true  relative  to  the  insertion  of  radium  needles.  For  further 
technical  details  see  Basal-cell  Epithelioma,  also  chapters  on  Radium 
Technic,  Filtered  and  Unfiltered  A'-ray  Technic,  General  Therapeutic 
Considerations,  and  Effect  of  A'-raysand  Radium  on  Pathological  Tissue. 

SECONDARY  EPITHEUOMA  OF  THE  SKIN. 

Secondary  cutaneous  epithelioma  may  be  the  result  of  metastasis 
from  a  primary  visceral  lesion,  a  lesion  of  the  breast,  or  a  primary  skin 
tumor.  Such  cutaneous  epitheliomata  occur  as  multiple,  fairly  deep- 
seated,  firm,  nodules.  These  lesions  are  much  more  susceptible  to 
irradiation  than  are  the  parent  lesions.  They  should  be  treated  with 
the  intensive,  filtered  technic. 

There  is  a  type  of  secondary  cutaneous  epithelioma  known  as  cancer 
en  cuirasse,  also  lenticular  carcinoma  and  carcinomatous  lymphangitis. 
It  is  extremely  recalcitrant.  The  writer  has  treated  four  advanced 
cases  of  this  type  without  benefit.  In  two  ver>'  early  cases  the  process 
was  temporarily  arrested. 

PAGET'S  DISEASE. 

Fordyce  (1904)  was  the  first  to  report  the  use  of  .r-rays  in  Pagct's 
disease.  The  lesion  was  in  the  gluteal  region  and  the  diagnosis  was 
confirmed  by  biopsy.  The  lesion  was  cured  by  fractional  treatment  and 
there  was  no  recurrence.  Hartzell  (19()6)  reported  the  clinical  cure 
of  two  cases  of  Paget's  disease  of  the  breast.  In  one  patient  mammary 
carcinoma  developed  during  treatment  and  in  the  other  patient  there 
was  a  suspicious  nodule  in  the  breast  several  months  after  the  cutan(H)us 
lesion  had  disappeared.  The  technic  was  fractional.  In  the  same  year 
Bisseri6  reported  the  cure  of  7  of  9  cases  with  intensive  technic.  Taylor 
(1907)  cured  a  case  of  Paget*s  disease  of  the  breast  with  fractional 
treatment  but  mammary  carcinoma  developed  during  the  treatment. 
Jackson  cured  a  case  of  extramammary  Pagct's  disease— the  lesion 
was  on  the  cheek.  Belot,  Terzaghi  and  Canipana,  Sequeira  and 
others,  have  reported  the  successful  treatment  of  Paget's  disease  of 
the  breast.  Boggs  states  that  he  has  cured  a  numbt^r  of  cases  of 
Paget 's  disease  of  the  breast.  wSeveral  of  the  patients  have  remained 
well  for  ten  years.  The  entire  breast  and  axilla  was  included  in  the 
field  of  radiation.  The  writer  can  add  3  cases  that  were  cured  with 
from  two  to  four  subintensive,  unfiltered  treatments  and  1  case  that 
recovered  under  fractional  treatment.  There  has  been  no  recurrence 
35 


546  MALIGNANT  NEW  GKOWTHS 

and  no  mammarj'  carcinoma  in  periods  of  two,  three  and  six  years. 
In  1  rase  of  Paget's  disease  of  the  cheek  there  was  no  improvement. 

Technic  — In  extramamniar\'  I'aget's  disease,  unfiltered  radiation 
may  lie  employed  and  the  method  may  l»e  either  fractional  or  intensive. 
Because  epithelioma  of  the  jjlandular  tissne  of  the  breast  is  such  a 
common  associate  of  Paget's  disease  of  the  breast,  it  seems  advisable 
to  apply  filtered  radiation  to  the  entire  breast  and  axilla  in  the  same 
manner  as  the  lymphatic  glands  are  irradiated  when  treating  primarj- 
prickle-cell  epithelioma  of  the  skin  or  mucosa.  In  any  event  the  patient 
should  be  kept  under  observation. 

SARCOMA. 

Sarcomata  are  among  the  least  common  of  cutaneous  neoplasms 
and  it  is  largelj'  for  this  reason  that  so  little  practical  knowledge  rela- 
tive to  the  action  of  x-rays  and  radium  has  been  accumulated.  The 
different  tj'pes  of  sarcoma,  of  which  there  are  many,  vary  consideraM\- 
in    malignancy.      Filirositrcuniii    is    (be    least    dangerous,      fiiant-cell 


Flu.  244.— Same  on  Pig.  313.  iift< 

sarcoma  is  relatively  Ijenign.  Melanomata  are  exceedingly  malignti 
as,  also,  is  the  subcutaneous  round-cell  sarcoma.  Sarcomata  also  vary" 
conaderably  in  "radiosensitiveness."  Abbe  has  fonnd  radium  to  Ik-  a 
specific  in  the  giant-cell  type  and  this  agrees  witli  the  writer's  experi- 
ence (filtered  beta  rays).  Fibrosarcoma  and  lymphosarcoma  yield 
readily  to  both  .r-rays  and  ra<linm  (Pfahler,  Janeway  and  others). 
Bisserie  treated  S  cases  of  diffuse  sarcoma  with  ar-rays  and  ohtaine*! 
100  per  cent,  of  clinical  cures,  There  were  no  recurrences  for  fifte* 
months.    Belot  cured  '1  similar  cases.   The  author  lias  not  l>eeu  i 
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fortunate.  This  tj^pe  of  sarcoma  is  usually  a  round-cell  growth  which 
begins  in  the  suhciitaneous  tissue  and  involves  the  skin  secondarily. 
It  may  he  a  primarj'  growth  or  it  may  be  the  result  of  metastasis  from 

a  primar>-  tumor  in  the  skin  or  some  other  tissue.    The  t\'pe  is  malig- 


Six  cases  have  been  treated  with  :t:-rays.  In  4  instances 
there  were  subcutaneous  nodules  scattered  over  the  body  whieh 
occurred  subsequent  to  excision  of  a  single  cutaneous  tumor.  The 
individual  nodules  disappeared  as  a  result  of  one  or  two  hyperin tensive 
filtered  doses,  hut  ri'^w  noflitlr^  (nntinued  to  appear  until  the  patient 


s  Fig.  245.  nfter  one  hypJTintfns 


died  or  discontinued  treatment.  The  same  result  was  obtained  in  I 
patient  who  was  treated  with  radium  gamma  raj's.  One  patient,  who 
^exhibited  three  ulcerating  tumors  (round-cell  type}  made  a  complete 
(i-rays)  and  there  has  been  no  recurrence  for  two  years, 


Every  (i-i 


i 
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Bisserie  treated  12  cases  of  melaiiosarcoma  with  massiv'e  doses  of 
a:-rays-  All  were  clinically  cured,  but  there  were  3  recurrences.  The 
writer  has  cured  3  cases  of  primarj'  melanosarcoma  with  j--rays 
without  recurrence  for  two,  five  and  eight  years  respectively.    There^ 


h 


was  complete  failure  in  two  primary  tumors.    In  4  cases  of  niultipM 
secondary  tumors  the  individual  tumors  involuted  under  treatment, ' 
but  the  patients  died  from  pulinonarj'  sarcomatosis. 

At  times  the  result  of  a--ray  or  radium  treatment  of  cutaneous  sar- 
coma is  spectacular;  at  times  it  is  extremely  disappointing.  More 
experience  will  be  required  before  the  true  value  of  the.se  agents  in  the 
various  types  of  sarcoma  can  be  stated  and  compared  with  the  results 
obtained  by  surgeons. 

The  technical  details  required  for  the  treiitment  of  sareoma  do  n 
differ  from  those  given  for  epithelioma. 


Fio.  248. — .Snmc  patient  shown  in  Fig.  347.  after  scvprnl  iiitpnirive  /-ray  tresltnoa 
ThiTp  was  A  rclapsi-  in  u  few  nionlhs.      Two  hyperintciisivc  filternl  ti 
then  given.     Thrrr  liiiB  Iji-fri  no  n-rurrpnoe  siripp  Novcmlier,  IflU. 


Kaposi's  Sarcoma  {Sarcfmia  Idiopaikiaim  MulUplex  Uevtarrhaqu^a 
—This  cutaneous  entity  can  be  kept  under  control  more  or  le.ss  indei.. 

nitcly  with  ar-rays  or  radium.    It  is  even  possible  to  pemmncnlly  cuHj 
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some  cases.  Irradiation  is  the  method  of  election  although  there  is  no 
harm  in  combining  with  other  forms  of  treatment  such,  for  instance, 
as  the  administration  of  arsenic.  Under  the  influence  of  irradiation 
the  individual  plaques  and  tumors  will  disappear,  but  new  lesions  may 
continue  to  develop.  Both  fractional  and  intensive  doses  have  been 
successful.    Subintensive  doses  are  to  be  preferred. 

Hartzell,  Williams,  Halle,  Lustgartene,  Groigoryev,  Bulkley,  Gil- 
christ and  Ketron,  and  many  others,  have  reported  good  results  with 
x-rays.  The  author  has  a  series  of  9  cases  of  which  7  were  treated  with 
unfiltered  arrays  and  2  with  filtered  radium  beta  rays.  The  result 
was  splendid  in  all  of  the  patients.  In  all  but  3  cases  new  lesions 
developyed  occasionally  until  the  patients  went  to  some  other  clinic. 
In  3  instances  there  have  been  no  new  lesions  for  over  two  years. 
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CHAPTER  XXXIV. 
MISCELLANEOUS  CUTANEOUS  AFFECTIONS.^ 
The  diseases  discussed  in  this  chapter  are: 

1.  Addison's  Disease.  10.  Acrodermatitis. 

2.  Dermatitis  Herpetiformis.  11.  Urticaria. 

3.  Epidermolysis  Bullosa  Hereditaria.  12.  Urticaria  Pigmentosa. 

4.  Pemphigus.  13.  Lichen  Urticatus. 

5.  Herpes.  14.  Trachoma. 

6.  Pityriasis  Rosea.  15.  Synovial  Lesions  of  the 

7.  Pityriasis  Rubra  Pilaris.  Skin. 

8.  Raynaud's  Disease.  16.  Elephantiasis. 

9.  Scleroderma.  17.  Fordyce's  Disease. 

Addison's  Disease.— Ratera  reports  the  cure  of  2  cases  of  Addi- 
son's disease  with  or-rays.  The  first  patient  had  a  roentgenologic 
examination  of  the  kidneys.  Subsequent  to  this  examination  the 
constitutional  symptoms  and  the  pigmentation  disappeared.  The 
second  patient  received  x-ray  treatment,  the  exposures  being  confined 
to  the  kidney  regions  and  consisting  of  monthly,  cross-fire,  intensive, 
filtered  radiation.  The  general  symptoms  disappeared  rather 
promptly.    There  was  a  gradual  disappearance  of  the  pigmentation. 

Golobouine  reports  1  case.  The  patient  received  daily  exposures 
to  the  renal  region  for  twenty-five  treatments.  There  was  improve- 
ment in  all  symptoms.  The  weight  increased,  the  heart  action  became 
more  regular,  the  digestive  disturbances  disappeared,  and  the  bronzing 
became  less  marked. 

Dermatitis  Herpetiformis.— While  few  references  can  be  found 
relative  to  the  jr-ray  treatment  of  dermatitis  herpetiformis,  several 
authors  have  advised  such  treatment.  Lapowski  states  that  in  1 
patient  the  eruption  was  made  worse  by  applications  of  .r-rays.  The 
diagnosis,  however,  was  disputed.  II.  Fox  treated  4  cases  with 
negative  results.  Years  ago  the  author  tried  this  treatment  in  3 
cases.  The  itching  was  relieved  to  some  extent  but  the  eruption  was 
not  materially  benefited. 

Epidermolysis  Bullosa  Hereditaria.— Ikrger  reports  that  the  skin 
in  a  case  of  this  affection  became  more  irritable  as  a  result  of  roentgen- 

*  For  explanation  of  terms  used  in  this  cliapter  to  express  dosage  see  C-hapters  X 
and  XIX. 
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ization.  Lesions  were  more  numerous  after  irradiation  than  before 
the  treatment. 

Pemphigus.— Weiss  reports  disappearance  of  vegetations  under  the 
influence  of  roentgenization  in  a  case  of  pemphigus  vegetans.  Scholtz 
obtained  temporary  improvement  with  a^-rays  in  a  case  of  pemphigus 
foliaceus.  The  author  tried  a--rays  and  radium  in  1  case  of  pem- 
phigus foliaceus  without  benefit.  Gilchrist  gave  seventy  fractional 
X'TSLV  treatments  to  a  case  of  pemphigus  of  this  type  without  benefit. 
A^-ra>'s  were  tried  again  at  a  later  period  with  some  benefit.  Wise 
cured  1  case  of  chronic  pemphigus  with  fractional  ar-ray  treatment. 
There  was  no  recurrence  at  the  end  of  one  year  (verbal  communi- 
cation). ■ 

Herpes.— Pf abler  reports  a  case  of  herpes  simplex  A^-ith  almost 
continuous  eruption  for  three  years.  After  eight  mild  a--ray  exposures 
the  eruption  disappeared  and  remained  absent  for  nine  months  when 
it  again  appeared.  Dermatologists  search  for  and  usually  find  the 
cause  for  recurrent  herpes  simplex.  Newcomet,  SchiflF,  Wickham 
and  Degrais  and  others  aver  that  small  doses  of  radium  and  ar-rays 
relieve  the  pain  associated  with  zoster.  Schamberghas  found  filtered 
a*-rays  of  greater  service  than  electricity  for  the  persistent  pain  in 
some  cases  of  zoster,  (see  "Radicular  Roentgen  Therapy*'  Chapter 
XXV). 

Pitjrriasis  Eosea.— Allen  treated  3  cases  of  pit>Tiasis  rosea  with 
ar-rays.  He  thought  that  the  eruption  in  each  instance  disappeared  more 
rapidly  than  would  have  been  the  case  under  regular  dermatological 
remedies.  Blaschko  reports  the  disappearance  of  an  eruption  of 
pityriasis  rosea  in  a  fortnight  under  the  influence  of  .r-rays.  J.  F. 
Auner,  of  Des  Moines,  in  a  verbal  communication  tells  of  a  case  of 
pityriasis  rosea  of  one  week's  duration  in  which  the  eruption  dis- 
appeared in  one  week  after  a  single  exposure  of  HJ  S.  D.  unfiltered. 

The  pathology  of  pityriasis  rosea  is  such  that  one  would  expect 
roentgen  therapy  to  be  beneficial.  The  disease,  as  a  rule,  is  very 
mild,  it  is  self-limited  and  it  usually  disappears  in  a  few  weeks.  Occa- 
sionally the  affection  is  severe  and  it  may  last  for  two  or  three  months. 
In  such  instances  it  would  seem  as  though  roentgenization  might  be 
of  distinct  value.  The  technic  of  application  is  the  same  as  that 
recommended  for  generalized  eczema,  psoriasis  and  lichen  planus. 

Pityriasis  Rubra  Pilaris.— Pusey  obtained  improvement  with  large 
doses  of  .r-rays  in  1  case  of  pityriasis  rubra  pilaris  of  moderate 
severity.  G.  H.  Fox  noted  that  itching  was  arrested  and  that  the 
infiltration  was  markedly  lessened  in  1  case  treated  with  x-rays. 
H.  Fox  treated  1  case  with  disappointing  results  (modern  technic). 

Raynaud's  Disease.— Newcomet  has  found  x-rays  useful  in  this 
disease.    The  ulcers  heal  more  quickly  and  pain  is  lessened. 

Scleroderma.— Several  years  ago  there  were  a  number  of  cases  of 
scleroderma,  to  which  .r-rays  had  been  applied,  presented  at  the 
Manhattan  Dermatological  Society  by  Geyser,  Oulmann,  Weiss  and 
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others.  In  a  few  instances  there  was  some  improvement.  In  most 
of  the  cases  the  results  were  negative.  Belot  cured  1  case  and 
markedly  improved  several  other  cases  of  circumscribed  scleroderma 
with  large  monthly  doses  over  a  period  of  several  months.  Pfahler 
found  that  the  results  of  roentgen  therapy  in  scleroderma  were  slight 
w^hen  compared  to  the  time  and  energy  expended.  The  author 
observed  fairly  rapid  healing  of  long-standing  ulcers,  apparently 
as  a  result  of  a  few  mild  or-ray  treatments  in  a  case  of  widespread 
scleroderma  of  the  legs.    There  was  no  effect  on  the  scleroderma. 

It  is  obvious  that  scleroderma  is  exceedingly  recalcitrant  to  irra- 
diation. Excessive  dosage  may  convert  normal  skin  into  a  condition 
resembling  scleroderma  (Balzer  and  Monseaux,  Solomon,  Fournier 
and  Barthelemy,  Behrend,  Hallopeau  and  Gadeau  and  many  others). 
The  end-result  of  scleroderma  is  often  atrophy  or  sclerosis,  which, 
also,  may  follow  long-continued  irradiation.  For  these  reasons  it 
is  advisable  to  employ  considerable  caution  when  using  ar-rays  or 
radium  in  the  treatment  of  scleroderma.  It  is  the  author's  opinion 
that  irradiation  is  not  indicated  in  this  disease  except,  perhaps,  in  a 
few  selected  cases. 

Acrodermatitis.— Bodin  has  found  ar-rays  of  service  in  "continuous 
suppurative  acrodermatitis,''  a  pyodermic  eruption  of  the  hands  and 
feet. 

Urticaria.— Lawrence  claims  the  cure  with  a:-rays  in  two  weeks  of  a 
case  of  severe  generalized  urticaria  of  long  standing.  It  is  the  duty 
of  the  physician  to  locate  and  remove  the  cause  of  urticaria.  This 
can  be  usually  accomplished.  In  cases  where  it  is  impossible  to 
cure  the  disease  and  the  patient  is  suffering  severely  from  the  itching, 
ar-rays  may  possibly  be  of  service.  There  has  been  no  personal 
experience. 

Urticaria  Pigmentosa. —Torok  and  Schein  report  a  complete  and 
permanent  cure  of  a  case  of  urticaria  pigmentosa  by  means  of  or-ray 
treatment.  The  exposures  were  followed  by  erythema.  In  a  case 
treated  by  Jacob  the  patient  was  given  three  exposures  at  weekly  inter- 
vals. There  was  no  reaction.  The  eruption  did  not  disappear,  but 
the  lesions  ceased  to  swell  when  irritated  and  there  was  no  factitious 
urticaria.  Itching  was  absent  and  no  new  lesions  developed.  The 
relief  lasted  for  three  months  at  which  time  all  the  symptoms  returned. 
A  second  course  of  treatment  again  effected  relief.  The  outcome  of 
the  case  is  unknown. 

Lichen  Urticatus.— Lawrence  reports  good  results  in  obstinate  cases 
of  lichen  urticatus  with  small  doses  of  x-rays. 

Trachoma. —Trachoma  is  an  opthahnological  disease  but  it  is  of 
some  interest  to  the  dermatologist.  Excellent  results,  even  perma- 
nent cures,  mav  be  had  with  both  radium  and  .r-ravs.  In  the  author's 
expyerience  beta  rays  of  radium  are  more  efficacious  and  they  are  more 
easily  applied  than  are  x-rays.  The  literature  on  this  subject  is 
becoming  rather  voluminous.    Stephenson  and  Walsh,  and   Mayo 
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observe*!  (iimxI  results  witli  j-rays  in  1903.     A'assioutinsky,  Sehamberg 

NcwroTiift,  i'lisev.  aiifl  Krall  and  many  (itiien?,  Iiave  testified  to  thi 


(CourteBy  of  Dr.  11,  L.  SutUm.) 


efficacy  uf  r-rays  in  this  disease.  Zelenkovsky,  Darier,  I'nsey  andfl 
others  report  good  results  witli  radium.  Abbe  obtained  perDianent* 
cures  in  10  cases  of  vernal  catarrh  with  radium.  The  author'fi 
results  have  been  splendid  in  the  few  cases  treated,  both  in  vem 


catarrh  and  tvaclioma. 
by  an  ophthalmologist. 

catarrh. 


In  each   instance  the  diagnoids  was  made! 
Most  of  the  cases  were  diagnosed  as  vernal'l 
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Technic.— The  upper  lid  may  be  inverted  and  an  unscreene<l,  flat 
radium  applicator  placed  in  contact  with  the  mucous  membrane. 
Radium  can  be  applied  to  the  lower  lid  by  pulling  the  cheek  downward 
with  the  fingers.  The  artificial  ectropion  can  be  maintained  by 
attaching  one  end  of  a  strip  of  zinc  plaster  to  the  lower  eyelid  and 
the  other  end  to  the  neck  under  the  mandible.  Before  fastening 
the  lower  end  of  the  zinc  plaster  the  cheek  should  be  pulled  downward 
and  the  neck  upward.  Pusey  holds  the  everted  lid  in  position  with 
special  lid  forceps  which  not  only  holds  the  lid  in  position  but  also 
protects  the  eye.  For  a  full-strength  applicator,  unscreened,  the 
dose  is  from  three  to  five  or  even  ten  minutes  at  intervals  of  three  or 
four  weeks.    No  protection  is  necessary  for  the  eye. 

The  preparation  is  the  same  for  the  application  of  a:-rays.  A  dia- 
phragm made  of  lead  foil  should  be  used  to  protect  all  but  the  affected 
areas.  If  the  shield  irritates  the  eye,  a  drop  of  cocaine  solution  will 
overcome  the  difficulty.  The  dose  is  H^  to  Hf  S.  D.,  unfiltered, 
once  a  month.  If  the  disease  responds  to  irradiation  not  more  than 
one,  two  or  three  treatments  will  be  required.  In  recalcitrant  cases 
one  must  be  careful  not  to  injure  the  eye.  It  has  been  found,  how- 
ever, that  the  eye  will  stand  long-continued  irradiation  without 
apparent  injury. 

Synovial  Lesions  of  the  Skin.— Hyde  and  Onnsby  curhI  several  cases 
of  synovial  lesions  of  the  skin  with  x-rays.  Lingenfelter  reports  a 
cure  in  1  case.  Sutton  cured  1  patient  with  1  application  of  unfil- 
tered  radium.  Ormsby's  cases  were  treated  fractionally,  not  more 
than  ten  or  twelve  mild,  unfiltered  applications  being  required.  In 
Lingenfelter*s  case  two  fairly  strong  exposures  at  intervals  of  eleven 
days  sufficed  for  a  cure.  The  lesion  had  resisted  solid  carbon  dioxide 
and  other  methods  of  treatment.  In  Sutton's  case  the  lesion  dis- 
appeared as  a  result  of  forty  milligram  hours  of  unscreened  radium. 
MacKee  and  Andrews  cured  1  case  \\ith  one  cross-fire,  unfiltered  .r-ray 
treatment.  It  seems  that  irradiation  is  specific  for  this  recalcitrant 
affection. 

Elephantiasis.— Mascat  reports  the  cure  of  3  cases  of  pseudo- 
elephantiasis  (streptococcic)  with  o^-rays.  Sorel  and  Soret,  and 
Snow  report  benefit  in  this  type  of  elephantiasis.  These  are  old 
references.  There  is  nothing  in  modern  literature  relative  to  the 
ar-ray  or  radium  treatment  of  any  type  of  elephantiasis. 

Fordyce's  Disease. — Pinch  cured  1  case  and  improved  another  case 
of  Fordyce's  disease  with  radium. 
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CHAPTER  XXXV. 

THE  MEDICOLEGAL  RELATIONS  OF  ROENTGEN 
THERAPY  AND  RADIUM  THERAPY. 

The  purpose  of  this  chapter  is  to  show  the  connection  between 
the  law  and  the  practice  of  medicine  in  some  particular  matters. 
The  principles  outlined  and  illustrations  used  are  to  show  what  the 
writer  believes  to  be  the  general  legal  opinion  in  the  United  States, 
wnth  some  variations  in  the  same.  With  our  system  of  State  and 
Federal  courts  a  contrary  opinion  or  different  theory  may  be  the  l^w 
where  the  reader  resides,  for  the  law  in  one  State  or  jurisdiction  does 
not  necessarily  control  or  agree  with  that  of  another.  In  some 
instances  no  opinion  general  or  otherwise  has  been  found,  or  the 
principle  is  very  unsettled;  in  such  cases  the  author  has  stated  his 
own  opinion. 

LEGAL  REGULATION  OF  MEDICAL  PRACTICE. 

Public  policy  requires  regulation  of  the  practice  of  medicine  as 
•it  does  of  the  law,  to  prevent  those  unable  or  unwilling  to  attain  a 
certain  degree  of  skill  from  practice  and  to  keep  those  admitted 
up  to  the  standard.  Any  who  attempt  to  practice  without  license 
and  authority  are  usually  guilty  of  a  crime  and  those  who  are  author- 
ized assume  certain  legal  obligations  toward  their  patients  and  the 
community.  In  other  words  a  physician  is  liable  in  damages  for  a 
breach  of  these  obligations  and  in  extreme  cases  even  liable  to  impris- 
onment. New  York  provides  by  statute  that  any  person  who  offers 
or  undertakes  to  practice  medicine,  who  has  not  received  a  license 
from  the  State  permitting  him  to  do  so,  is  guilty  of  a  misdemeanor. 

Malpractice.— Malpractice  may  be  defined  as  wilful  acts,  negligent 
acts,  unskilful  treatment  or  acts  prohibited  by  statute,  by  a  physician 
or  surgeon,  resulting  in  injuries  to  or  death  of  the  patient. 

(Mminal  negligence  usually  means  such  negligence  as  would  be 
inferred  from  actions  which  are  reckless  or  indifferent  to  results. 

Medical  Practitioners.  — "A  physician  is  one  lawfully  engaged  in  the 
practice  of  medicine.  It  includes  all  who  practice  physic  or  surgery 
and  is  not  limited  to  any  one  school  of  practitioners,"  30  (^yc.  1544. 

"A  surgeon  may  be  said  to  be  a  physician  who  treats  injuries, 
deformities,  disorders,"  30  Cyc.  1546.  It  would  also  include  treat- 
ment of  disfigurements  or  other  physical  conditions  "by  manual 
operations  and  the  use  of  surgical  instruments  and  appliances." 

The  New  York  statute  defines  the  practice  of  medicine  as  follows: 
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"A  person  practises  medicine  within  the  meaning  of  this  article, 
except  as  hereinafter  stated,  who  holds  himself  out  as  being  able  to 
diagnose,  treat,  operate  or  prescribe  for  any  human  disease,  pain, 
injury,  deformity,  or  physical  condition,  and  who  shall  either  offer 
or  undertake  by  any  means  or  methods,  to  diagnose,  treat,  operate 
or  prescribe  for  any  human  disease,  pain,  injury,  deformity  or  physical 
condition/*  It  is  said  in  219  N.  Y.  98,  '*the  New  York  statute  regu- 
lating medical  practice  applies  to  every  means  and  method  that 
could  1  .  .  be  u?ed  or  claimed  to  be  used  to  relieve  or  cure  disease 
and  infirmity  unless  excepted  by  the  statute/' 

An  .r-ray  operator,  therefore,  who  offers  or  undertakes  the  applica- 
tion of  a--rays  or  radium  to  any  human  being,  either  for  diagnostic 
or  curative  purposes  is  practicing  medicine,  and  he  must  be  licensed. 

"Superfluous  hair  on  the  face  is  a  *  deformity'  within  the  meaning 
of  the  New  York  State  Public  Health  Law,  and  one  who,  not  being  a 
Housed  and  registered  physician,  holds  herself  out  as  being  able  to 
successfully  treat  such  a  deformity  and  undertakes  to  treat  it  w^ith 
an  electric  needle,  violates  the  statute  regulating  the  practice  of 
medicine  and  under  the  statute  she  is  guilty  of  a  misdemeanor  and 
cannot  recover  for  services  rendered  in  giving  such  treatments,'* 
102  N.  Y.  Misc.  97.  This  case  was  overruled  in  184  Ap.  Div.  953, 
on  the  ground  "that  the  evidence  did  not  warrant  the  lower  court 
deciding  that  the  treatnrient  administered  constituted  the  practice 
of  medicine."  There  was  a  dispute  as  to  whether  the  operator  had 
"held  herself  out"  as  set  forth  in  the  New  York  statute.  Certainly  . 
a  regularly  licensed  •  physician  and  surgeon  or  one  associated  with 
him  "holds  out"  as  such. 

"Liability  under  a  statute  prohibiting  the  practice  of  medicine 
without  a  license  is  not  affected  by  the  fact  that  the  operations  were 
performed  and  the  medicines  were  administered  under  the  direction 
and  charge  of  a  licensed  physician  and  surgeon.     30  Cyc.  1564." 

RELATION  BETWEEN  PHTSICIAN  AND  PATIENT. 

In  the  contract  between  physician  and  patient  there  are  always 
necessary  in  order  for  it  to  be  binding  the  essentials  of:  legality  of 
object,  a  mutual  understanding,  agreement  and  obligation  as  to  the 
subject  matter,  parties  competent  to  contract,  and  a  valuable  consider- 
ation, which  consideration  need  not  be  monev. 

The  physician  is  obligated  to  use  a  certain  degree  of  care  and 
skill;  the  patient  to  follow  his  physician's  directions. 

Requisite  Skill  and  Care. — "A  physician  or  surgeon  undertaking  the 
treatment  of  a  patient  is  only  required  to  possess  and  exercise  that 
degree  of  skill  and  learning  ordinarily  possessed  and  exercised  by  the 
members  of  his  profession  in  good  standing,  practising  in  similar 
localities,  and  it  is  his  duty  to  use  reasonable  care  and  diligence  in 
the  exercise  of  his  skill  and  the  application  of  his  learning,  and  to  act 
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according  to  his  best  judgment,"  30  Cyc.  1570.  "A  specialist  will 
be  held  to  the  sp>ecial  degree  of  skill  and  knowledge  possessed  by 
physicians  who  are  specialists  in  the  treatment  of  the  disease  in  w  hich 
he  specializes,"  30  Cyc.  1571.  "In  determining  the  degree  of  learn- 
ing and  skill  required,  regard  must  be  had  to  the  state  of  medical 
science  at  the  time,"  30  Cyc.  1572.  It  is  said  in  155  N.  Y.  201,  he  is 
"bound  to  keep  abreast  of  the  times." 

This  standard  of  skill  and  action  continues  throughout  the  rela- 
tion of  physician  and  patient  and  is  required  as  well  in  the  examina- 
tion, diagnosis,  selection  of  and  application  of  treatment,  as  the 
following  will  show: 

"It  is  the  duty  of  a  physician  to  act  with  the  utmost  good  faith 
tow^ard  his  patient,  and  if  he  knows  that  he  cannot  accomplish  a 
cure,  or  that  the  treatment  adopted  will  probably  be  of  no  benefit, 
it  is  his  duty  to  advise  his  patient  of  these  facts  and  if  he  fails  to  do 
so  he  is  guilty  of  a  breach  of  duty,"  30  Cyc.  1579,  citing  from  62 
Minn.  146,  "  Where  a  physician  in  charge  of  a  sanitarium  represents 
to  an  invalid,  without  knowing  the  truth  or  falsity  of  the  representa- 
tion, that  if  the  latter  will  take  treatment  at  the  sanitarium  he  can 
be  cured,  and  the  invalid  relies  thereon,  and  enters  the  sanitarium, 
but  is  not  cured,  the  physician  is  liable  in  an  action  for  deceit." 

"A  wrong  diagnosis  of  a  case  resulting  from  a  want  of  skill  or  care 
on  the  part  of  a  physician  and  followed  by  improper  treatment  to  the 
injury  of  the  patient,  renders  the  physician  liable  in  damages,"  30  Cyc. 
1575.  "A  general  practitioner  will  not  be  held  liable  for  making  a 
wrong  diagnosis  of  a  very  rare  disease  wHich  can  only  be  detected  by 
a  skilled  expert."  In  this  case  glaucoma  was  the  disease,  30  Cyc. 
1575.  "A  physician  entitled  to  practice  his  profession  and  possessing 
the  requisite  qualifications  and  applying  his  skill  and  judgment  with 
due  care  is  not  ordinarily  liable  for  damages  consequent  upon  an 
honest  mistake  or  an  error  of  judgment  in  making  a  diagnosis,  in 
prescribing  treatment,  or  in  determining  upon  an  operation,  where 
there  is  reasonable  doubt  as  to  the  nature  of  the  physical  conditions 
involved,  or  as  to  what  should  have  been  done  in  accordance  with 
recognized  authority  and  good  practice,"  30  Cyc.  1578.  **  Although 
a  physician  may  have  exercised  a  proper  degree  of  skill  and  care  in 
his  treatment  of  a  case,  still  if  he  fails  to  give  the  patient  or  his  attend- 
ants proper  instructions  as  to  the  care  and  attention  best  calculated 
to  effect  a  cure  he  is  guilty  of  negligence  for  which  he  may  be  held 
liable,"  30  Cyc.  1577.  "The  welfare  of  the  citizens  of  a  State  and 
therefore  of  a  State  itself,  demands  that  those  persons  practicing 
medicine  and  surgery  shall  be  able  and  careful.  So  in  the  absence 
of  a  statute  the  common  law  holds  every  physician  or  surgeon  answer- 
able for  an  injury  to  his  patient  resulting  from  want  of  the  requisite 
knowledge  and  skill,  or  the  omission  to  use  reasonable  care  and  dili- 
gence or  the  failure  to  exercise  his  best  judgment.  This  rule  is  ele- 
mentary and  has  its  foundation  in  most  persuasive  considerations  of 
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public  policy.  Its  purpose  is  to  protect  the  health  and  lives  of  the 
public,  particularly  of  the  weak  or  credulous,  wary  or  unwary,  from 
the  unskilfulness  or  negligence  of  medical  practitioners,  by  holding 
them  liable  to  respond  in  damages  for  the  result  of  their  unskilfulness 
or  negligence,''  21  R.  C.  L.  379-380.  "The  rules  governing  the 
duty  and  liability  of  physicians  and  surgeons  in  the  performance  of 
professional  services  are  applicable  to  manipulators  of  a'-ray  ma- 
chines," 21  R.  C.  L.  386. 

A  judge  in  the  New  York  County  Supreme  Court  in  1918,  in  an 
action  to  recover  from  a  roentgenologist  and  dermatologist  of  high 
standing  for  injury  alleged  to  have  been  inflicted  by  alleged  negli- 
gence in  applying  roentgen  rays  in  the  treatment  of  superfluous  hair, 
charged  the  jury  in  effect  "that  a  physician  is  not  held  to  use  unusual 
care,  diligence  and  skill  but  only  the  average  skill  that  is  commen- 
surate \\ith  the  general  standard  of  the  profession  in  similar  localities 
at  the  time  of  the  acts  alleged.*'  However,  the  court  added:  "That 
in  the  case  of  a  specialist  the  standard  would  be  that  ordinarily 
possessed  by  practitioners  devoting  special  attention  and  study  to 
the  same  branch  in  similar  localities,  having  regard  to  the  present 
state  of  medical  science." 

In  this  same  action  the  judge  instructed  the  jury  "not  to  take  the 
opinions  of  the  expert  witnesses  necessarily  as  conclusive  evidence, 
but  merely  as  an  aid  to  arrive  at  conclusions  of  fact.  That  it  was 
necessary  that  the  plaintiff  show  by  a  preponderance  of  evidence 
that  the  defendant  had  been  negligent  and  unskilful  in  his  selection 
and  administration  of  treatment  or  the  plaintiff  could  not  recover. 
That  a  physician  was  not  an  insurer  of  good  results  and  that  if  ill 
results  followed  treatment  he  would  be  held  to  respond  in  damages 
only  in  case  he  had  been  negligent  and  unskilful  in  the  selection  of 
the  form  of  treatment  and  in  its  administration." 

"A  surgeon  employed  to  treat  a  case  professionally,  is  under  an 
obligation  to  exercise  the  ordinary  care  and  skill  of  his  profession, .  in 
the  light  of  modern  advancement  and  learning  on  the  subject,  and 
that  he  will  indemnify  the  patitnt  against  any  injurious  consequences 
resulting  from  his  want  of  ordinary  skill,  care  and  dihgence  in  the 
exercise  of  his  employment.  That  for  the  operation  and  subsequent 
necessary  treatment  he  will  use  due  care  and  diligence  to  the  end 
that  a  recovery  may  be  had.  This  obligation  exists  as  long  as  the 
relation  of  patient  and  physician  and  surgeon  continues.  No  promise 
to  effect  a  cure  is  implied  but  due  diligence,  care  and  ordinary  skill 
are  implied  undertakings.  It  is  the  duty  of  the  surgeon  to  exercise 
due  diligence,  care  and  ordinary  skill,  not  only  in  performing  an 
operation,  but  also  in  the  subsequent  necessary  treatment  following 
such  operation,  unless  the  terms  of  employment  otherwise  limit  the 
service,  or  the  j)atient  gives  the  surgeon  notice,  that  he  will  not  or 
cannot  afford  the  subsequent  treatment,"  67  Ohio  St.  106. 

The  doctrine  announced  in  this  last  case  is  very  plain  and  practical, 
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so  that  both  surgeon  aiid  patient  will  have  their  respective  interests 
abundantly  safeguarded.  The  doctrine  is  promotive  of  the  exercise 
of  reasonable  skill,  care  and  treatment  by  the  surgeon,  not  only  at 
the  specific  time  of  the  operation,  but  also  during  the  subsequent 
period  of  treatment  necessary  to  a  reasonable  and  substantial  recovery. 
The  patient  reHes  almost  wholly  on  the  judgment  of  the  surgeon,  and 
under  the  usual  circumstances  of  each  case  is  bound  so  to  do,  and  if 
the  injury  is  not  reduced,  and  a  normal  condition  restored,  as  fully 
or  as  speedily  as  expected,  the  patient  is  still  at  liberty  to  rely  on  the 
professional  skill,  care  and  treatment  to  complete  such  recovery  so 
long  as  the  surgeon  continues  his  employment  with  reference  to  the 
injury.  Physicians  and  surgeons  exercising  reasonable  care  and  skill 
need  have  no  fear  of  it.  Reckless  and  careless  physicians  and  surgeons 
should  be  kept  in  fear  of  this  doctrine. 

The  law  should  not  impose  on  the  patient  a  duty  that  he  can  know 
only  through  expert  knowledge  which  he  does  not  possess,  but  as  to 
which  he  is  compelled  to  accept  the  judgment  of  his  physician  or 
surgeon.  The  surgeon  should  have  all  reasonable  time  and  oppor- 
tunity to  correct  the  evils  which  made  the  operation  or  treatment 
necessary,  and  even  reasonable  time  and  opportunity  to  correct  the 
unavoidable  mistakes  incident  to  even  skilled  surgery.  The  doc- 
trine announced  here  is  conducive  to  that  mutual  confidence  that 
is  highly  essential  in  the  relation  between  surgeon  and  patient. 

In  Cal.  174  Pac.  Rep.  654,  the  Supreme  Court  says:  "The  law 
on  the  subject  of  care  and  skill  required  of  physicians  in  the  treat- 
ment of  patients  is  well  settled;"  quoting  "A  physician  and  surgeon 
by  taking  charge  of  a  case,  impliedly  represents  that  he  possesses, 
and  the  law  places  upon  him  the  duty  of  possessing,  that  reasonable 
degree  of  learning  and  skill  that  is  ordinarily  possessed  by  physicians 
and  surgeons  in  the  locality  where  he  practices,  and  which  is  ordin- 
arily regarded  by  those  conversant  with  the  employment  as  necessary 
to  qualify  him  to  engage  in  the  business  of  practicing  medicine  and 
surgery.  Upon  consenting  to  treat  a  patient,  it  becomes  his  duty  to 
use  reasonable  care  and  diligence  in  the  exercise  of  his  skill  and  the 
application  of  his  learning  to  accomplish  the  purpose  for  which  he 
was  employed.  He  is  under  the  further  obligation  to  use  his  best 
judgment  in  exercising  his  skill  and  appl}^ing  his  knowledge,*'  from 
155  New  York  209.  Further  quoting  from  187  Mich.  330;  153 
N.  W.  Rep.  695:  "The  difficulties  and  uncertainties  in  the  practice 
of  medicine  and  surgery  are  such  that  no  practitioner  can  be  required 
to  guarantee  results,  and  all  the  law  demands  is  that  he  bring  and 
apply  to  the  case  in  hand  that  degree  of  skill,  care,  knowledge  and 
attention  ordinarily  possessed  and  exercised  by  practitioners  of  the 
medical  profession  under  like  circumstances."  It  further  quotes  from 
27  N.  II.  474;  59  AmeT.  Dec.  3S(S:  **lt  is  never  enough  to  show  that 
he  has  not  treated  his  patient  in  that  mode,  nor  used  those  measures, 
which  in  the  opinion  of  others,  even  medical  men,  the  case  required, 
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because  such  evidence  tends  to  prove  errors  of  judgment,  for  which 
the  defendant  is  not  responsible,  as  much  as  the  want  of  reasonable 
care  and  skill,  for  which  he  may  be  responsible/*  The  rule  is  said 
in  a  New  Jersey  case  reported  12  N.  J.  L.  J.  269,  to  be:  "The  law 
requires  of  a  physician  that  degree  of  knowledge  and  skill  which  is 
usual  in  the  grade  of  the  profession  which  he  occupies,  and  in  which 
he  was  employed  in  the  particular  case." 

In  the  case  of  N.  C.  101 S.  E.  Rep.  99,  a  consulting  physician,  failing 
to  make  a  clinical  diagnosis,  based  his  diagnosis  on  a  positive  Wasser- 
mann  reaction.  The  plaintiff  patient  brought  forward  e\adence  to 
show  that  the  diagnosis  was  erroneous,  but  failed  to  prove  negligence. 
In  affirming  a  judgment  of  nonsuit  the  Supreme  Court  says  that, 
"the  law  governing  the  liability  of  a  physician  to  his  patient  is  well 
settled.  While  there  is  an  implied  contract  that  the  physician  or 
surgeon  who  undertakes  to  treat  a  patient  will  use  all  known  and 
reasonable  means  to  accomplish  the  object  for  which  he  is  called  to 
treat  the  patient,  and  that  he  will  attend  to  the  patient  carefully  and 
diligently,  there  is  no  guaranty  that  he  will  cure  him,  or  that  he  will 
not  commit  an  error  of  judgment.  The  law  implies  only  that  he  not 
only  possesses,  but  that  he  will  employ  in  the  treatment  of  the  case, 
such  reasonable  skill,  care  and  diligence  as  are  ordinarily  exercised 
in  this  profession.  But  a  physician  or  surgeon  possessing  the  requisite 
qualifications  and  applying  his  skill  and  judgment  with  ordinary 
care  and  diligence  to  the  diagnosis  and  treatment  of  a  patient,  is 
not  liable  for  an  honest  mistake  or  error  of  judgment  in  making  a 
diagnosis  or  prescribing  the  mode  of  treatment,  where  there  is  ground 
for  reasonable  doubt  as  to  the  practice  to  be  pursued/'  In  this  latter 
case  the  patient  had  been  sent  by  his  family  physician  for  treatment 
to  the  defendant's  hospital. 

"It  is  well  settled  that  the  degree  of  learning  and  skill  which  a 
physician  or  surgeon  is  required  to  possess  and  exercise  is  that  degree 
of  skill  and  learning  ordinarily  possessed  and  exercised  by  members  of 
his  profession  in  the  same  Hne  of  practice  in  that  locality.  The  exi- 
denoe  in  the  record  justifies  the  finding  that  the  use  of  a:-rays  in  the 
diagnosis  and  treatment  of  human  ills  is  recognized  and  practiced  by 
the  medical  profession.  Such  being  the  case,  we  see  no  reason  why  a 
different  rule  should  apply  to  practitioners  in  this  line  than  is  applied 
to  other  practitioners,"  35  App.  (^ases.  Dist.  Col.  57. 

In  roentgenological  work  the  required  standards  of  technic  change 
from  year  to  year.  In  each  action  a  comparative  standard  is  formu- 
lated for  the  jury  by  the  expert  witnesses.  It  is  for  the  jury  to  weigh 
the  evidence  given  by  the  expert  witnesses  on  both  sides,  to  decide 
upon  a  standard  and  to  determine  if  the  defendant  j)ossessed  and 
used  skill  in  keeping  with  the  standard.  The  burden  of  proof  is  on 
the  plaintiff,  but  the  defendant  must  meet  this  proof  with  proof 
sustaining  his  own  contentions. 

The  necessity  of  having  accurate  data  and  a  well-prepared  case  is 
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shown  in  Va.  96,  S.  E.  Rep.  360,  Jcw/r.  Am,  Med,  Assn,y\xxu,^o.  15, 
p.  1100,  where  the  Supreme  Court  of  Appeals,  in  a  lengthy  opinion, 
affirms  a  judgment  in  favor  of  the  plaintiff  for  damages  alleged  to 
have  been  occasioned  to  him  by  the  alleged  malpractice  of  the  defend- 
ant physician  in  the  treatment  with  or-rays  of  eczema  with  which  the 
legs  and  ankles  of  the  plaintiff  were  affected.    The  court  says  "it 
should  be  borne  in  mind  that  the  case  involved  two  standards  of 
professional  skill  and  care  by  which  the  evidence  as  to  the  competency 
and  the  conduct  of  the  defendant  was  to  be  measured.    One  standard 
has  reference  to  the  technic  or  mechanical  operation  of  the  ar-ray 
apparatus  and  the  other  standard  has  reference  to  the  possession 
and  use  of  the  professional  skill  and  care  incumbent  on  the  defendant 
with  respect  to  the  diagnosis  and  treatment  of  the  disease  of  the 
plaintiff  in  matters  other  than  the  mere  mechanical  operation  of  the 
apparatus.    The  two  standards  mentioned  both  involved,  in  this  case, 
the  highly  specialized  art  of  the  treatment  of  the  disease  of  the 
plaintiff  by  a--rays;  and  so  far  as  they  did  so,  expert  testimony  before 
the  jury  fixing  such  standards  was  essential  to  the  support  of  the 
verdict  of  the  jury,  since  otherwise  the  jury,  to  the  extent  of  the 
questions  involving  such  specialized  art,  would  have  no  standard  in 
mind  by  which  to  measure  the  other  facts  proved  in  the  case.     Now, 
as  to  the  mechanical  standard  of  skill  and  care,  there  was  no  expert 
evidence  in  the  case  except  the  testimony  of  the  defendant  and  of 
other  expert  witnesses  for 'the  defendant;  but  there  was  sufficient  e\'i- 
dence  in  the  case,  when  measured  by  the  mechanical  standard  fixed 
by  the  testimony  of  the  defendant,  to  support  the  verdict  of  the 
jury.      .     .     It  is  deemed  sufficient  to  mention  only  the  following 
details  of  such  evidence:  There  was  evidence  in  the  case  to  the  effect 
that  the  defendant  did  not  keep  an  accurate  record  of  the  j--ray  treat- 
ment or  any  record  of  the  exact  dose  of  .r-rays  applied  in  the  several 
treatments  therewith;  that  if  the  standard  dose  only  had  been  applied, 
it  was  extremely  improbable  that  any  bad  results  w-ould  have  been 
caused.     .     .    The   cross-examination   of  the  defendant   tended   to 
show  that  his  memory  of  the  dose  applied  by  him  in  the  several  treat- 
ments was  not  to  be  relied  on.    There  w^ere  inconsistent  statements 
made  by  the  defendant  at  different  times  as  to  his  opinion  of  the 
causes  of  the  bad  result;  and  there  was  other  evidence  to  support  a 
conclusion  of  the  jury  that  the  dose  in  fact  applied  was  not  in  accord- 
ance with  the  mechanical  standard  fixed  by  the  expert  testimony  of 
the  defendant  himself.     It  was  true  that  such  testimony  did  not  show 
that  the  bad  result  might  not  have  happened  without  fault  of  the 
defendant,  but  there  was  sufficient  of  such  evidence,  the  credibility 
and  weight  of  which  was  for  the  jury,  tending  to  show  that  the  bad 
result  was  more  probably  due  to  negligence  or  lack  of  skill  on  the  part 
of  the  defendant  as  charged.      This  degree  of  proof  is  all  that  is 
required  of  a  plaintiff  in  a  civil  case.     He  is  not  required  to  exclude 
by  his  proof  the  possibility  of  the  result  complained  of  having  been 
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due  to  causes  for  which  the  defendant  is  not  responsible.  .  .  The 
cause  of  the  injury  being  the  a:-rays  was,  however,  but  one  element  of 
fact  in  the  case.  As  the  jury  was  properly  instructed,  if  the  defendant 
exercised  ordinary  care  and  skill  in  the  premises,  the  plaintiff  was 
not  entitled  to  recover  damages,  although  the  injuries  complained 
of  were  caused  by  the  a:-ray  treatment;  and  the  question  still  remained 
whether  the  defendant  did  or  did  not  exercise  such  care  and  skill. 
The  court  thinks  there  was  suflBcient  evidence  in  the  case,  when 
measured  by  the  general  professional  standard  as  well  as  by  the 
mechanical  standard  of  skill  and  care,  to  support  the  verdict  of  the 
jury.  .  .  It  was  correct  to  say  that  the  standard  which  made  it 
the  duty  of  the  defendant  to  make  preliminary  tests  and  examinations 
before  subjecting  the  patient  to  or-ray  treatment  had  to  be  tested 
by  ascertaining  if  other  like  specialists  in  good  standing,  in  the 
same  or  similar  localities  as  the  defendant,  would  have  been  guilty 
of  the  omission  to  make  such  preliminary  tests  and  examination, 
which  test  had  to  be  applied  by  measuring  the  evidence,  as  it  might 
be  introduced  in  the  trial  by  the  standard  fixed  by  the  testimony 
of  experts  on  the  subject,  since  the  standard  mentioned  involved  a 
highly  specialized  art  of  treatment.  Failure  to  warn  of  danger  in 
the  treatment  was  not  per  se  negligence."  In  this  case  the  verdict 
was  for  the  plaintiff. 

The  law  considers  that  one  of  the  fundamental  requisites  of  the 
medical  practitioner  who  uses  the  roentgen  Vays  is  the  ability  to  make 
properly  a  skilful  and  careful  diagnosis  of  the  trouble  of  a  patient 
and  if  the  practitioner  errs  in  that  diagnosis  through  lack  of  proper 
skill  or  care,  he  must  answer  to  the  patient  for  the  injury  caused 
by  the  erroneous  diagnosis  just  the  same  as  he  must  answer  for  the 
application  of  improper  treatment.  If  by  the  exercise  of  proper  care 
and  skill  a  practitioner  ought  to  find  out  that  a  person  is  imusually 
susceptible  to  injury  by  the  roentgen  rays  and  fails  to  do  so,  or  after 
making  the  discovery  fails  to  warn  the  patient  of  the  danger,  the 
practitioner  is  liable  if  he  causes  the  patient  injury  which  otherwise 
would  not  have  happened.  And  it  would  be  unwise  and  unsafe  to 
follow  the  diagnosis  of  any  other  medical  practitioner  unless  one's  own 
careful  and  skilful  diagnosis  led  to  the  same  opinion  or  if  it  differed 
without  a  consultation  with  the  other,  especially  if  the  patient  had 
been  sent  by  him,  although  the  following  case  seems  to  hold  to  the 
contrary. 

The  question  of  idiosyncrasy  is  likely  to  be  one  of  diagnosis.  In 
the  case  of  35  Appeal  Cases  Dist.  Col.  57,  the  plaintiff  asked  the 
court  to  instruct  the  jury  to  the  effect  that  *'if  the  evidence  shows 
that  there  is  possibility  that  the  patient  might  have  been  injured  by 
the  .r-ravs  due  to  some  idiosvncrasv  which  would  make  her  more 
susceptible  to  the  influence  of  the  a-rays  regardless  of  the  skill  and 
care  used;  but  which  possibility  or  predisposition  the  physician  knew 
or  should  have  known,  then  it  was  the  duty  of  the  defendant  to  so 
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inform  the  plaintiff/'  The  Court  of  Appeals  said:  "There  is  nothing 
in  the  record  to  justify  the  inference  that  the  condition  of  the  plaintiff 
when  the  defendant  subjected  her  to  the  ^-ray  exposures,  was  such 
as  to  render  her  peculiarly  liable  to  injury.  Having  been  under  a 
surgeon  of  recognized  ability,  and  having  been  sent  to  the  defendant 
by  such  surgeon  for  the  purpose  named,  we  think  the  defendant,  in 
the  absence  of  anything  warranting  a  contrary  conclusion,  was  justi- 
fied in  relying  upon  the  judgment  of  the  surgeon/' 

In  123  Va.  1 13,  96  S.  E.  Rep.  360  Sup.  Court  of  Appeals  heretofore 
quoted,  the  plaintiff  claimed  that  "some  people  are  more  susceptible  to 
the  influence  of  the  x-rays  than  are  other  persons  and  it  was  the 
duty  of  the  defendant  to  make  tests  and  examinations  to  determine  the 
susceptibility  of  the  plaintiff  and  to  warn  him  of  his  susceptibility." 
The  court  says  "there  was  no  evidence  tending  to  show  that  the 
plaintiff  was  more  susceptible  to  injury  by  the  x-rays  than  others. 
Some  experts  testify  that  a  person  of  fair  complexion  is  more  sus- 
ceptible. However,  the  plaintiff  is  of  dark  complexion,  hence  the 
fifth  count  cannot  be  supported." 

Acknowledsred  Want  of  Skill.— It  is  said  in  30  Cyc.  1581,  citing  as 
in  point  88  Hun  N.  Y.  200,  that  "if  a  practitioner  frankly  informs 
a  patient  of  his  want  of  skill,  or  the  patient  is  in  some  other  way 
fully  aware  of  it,  the  latter  cannot  complain  of  the  lack  of  that  which 
he  knew  did  not  exist."  In  the  case  cited  the  family  physician  on 
being  called  in  to  examine  the  patient  announced  that  the  wound 
was  of  a  serious  nature  and  character  and  that  he  did  not  regard 
himself  as  suflBciently  experienced  in  surgery  to  properly  treat  the 
case.  He  advised  the  family  of  the  patient,  who  was  about  seventeen 
years  old,  to  call  in  the  services  of  a  more  experienced  and  skilful 
surgeon.  This  was  done  and  the  two  physicians  together  treated  the 
patient  for  about  a  week  when  another  doctor  was  called  in.  The 
first  two  physicians  were  sued  for  damages  for  malpractice  and  a 
verdict  was  given  against  them  although  the  jury  was  charged  by  the 
trial  court  in  the  language  quoted  above,  and  the  verdict  was  sus- 
tained on  appeal.  The  appellate  court  recognized  the  above  rule  but 
stated  that  the  jury  having  been  so  instructed  and  having  found  for 
plaintiff  it  must  be  assumed  that  it  foimd  the  facts  and  circumstances 
did  not  warrant  the  application  of  the  rule. 

"It  is  the  duty  of  a  patient  to  cooperate  with  his  physician  and 
conform  to  the  necessary  prescription  and  treatment,  and  follow  all 
reasonable  instructions  given."    30  Cyc.  1579. 

Release  of  Liability.— While  the  writer  has  been  unable  to  find  a  case 
exactly  in  point,  it  is  safe  to  say  that  there  can  be  no  legally  binding 
agreement  with  a  patient  not  to  hold  a  medical  practitioner  for  negli- 
gence; that  is,  before  the  negligence  occurs. 

The  reason  of  this  is  that  it  would  be  against  public  policy  to  permit 
such  contracts.     "The  contract  is  qtiaM  public,''  67  Ohio  St.,  at  p 
124,  citing  64  Me.,  305.    The  weight  of  legal  opinion  holds  it  so  1 
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in  the  case  of  such  contracts  between  common  carriers  and  their 
passengers  for  hire  and  between  employees  and  employers,  3  Thorn,  on 
page  744.  In  71  L.R.A.  (N.S.)  537;  184  N.  Y.  379,  in  a  case  holding 
it  against  public  policy  for  an  employee  to  contract  to  relieve  the 
employer  from  liability  for  injuries  due  to  the  employer's  negligence, 
it  is  said  "The  State  is  interested  in  the  conseryation  of  the  liyes  and 
of  the  healthy  yigor  of  its  citizens,  and  if  employers  could  contract 
away  their  responsibility ...  it  would  tend  to  encourage  on  their  part 
laxity  of  conduct  in,  if  not  an  indifference  to,  the  maintenance  of  proper 
and  reasonable  safeguards  to  human  life  and  limb.''  As  was  said  in  a 
railroad  case  in  24  X.  Y.  196,  "The  principle  therefore  is  that  parties 
cannot  contract  that  they  themselyes  may  with  impunity  be  guilty 
of  wilful  misconduct  or  of  that  degree  of  recklessness  which  is  its 
equiyalent." 

If  there  is  an  injury  or  claim  of  such,  the  ciyil  remedy  for  damages 
may  be  waived,  but  if  gross  to  the  degree  of  criminal  negligence,  the 
crime  cannot  be  waived.  Each  legal  jurisdiction  has  particular  prac- 
tices prohibited  and  each  must  therefore  be  studied  in  a  specific  case. 

Express  or  Implied  Understandins:.— There  should  be  a  complete  and 
definite  understanding  and  agreement  as  to  the  purpose  of  the  contract 
by  both  the  patient  and  the  physician.  It  is  not  usually  practicable 
for  the  agreement  to  be  reduced  to  writing  and  signed  by  the  parties, 
but  it  would  save  much  litigation  and  protect  many  defendants  if  it 
were.     Avoid  leaving  it  to  implication  by  either  party. 

In  the  absence  of  such  writing  the  agreement  should  be  as  definite 
as  possible  and  the  careful  and  wise  practitioner  will  keep  exact  dated 
notes  and  photographic  records  when  possible,  of  conditions  of  the 
patient  before,  during  and  after  his  examination,  diagnosis  and  treat- 
ment. 

It  should  be  made  plain  that  the  physician  will  do  as  well  as  he  can 
with  the  condition  presented  by  the  patient,  but  that  there  is  no  cer- 
tainty of  result  one  way  or  the  other,  for  the  law  does  not  call  upon  him 
to  insure  results,  unless  he  has  expressly  undertaken  and  assured 
results  that  will  be  successful  or  satisfactory.  Such  express  assur- 
ances should  always  be  in  writing  or  othemise  serious  litigation  is 
likely  to  result  from  misunderstanding  between  the  parties. 

In  any  event  it  is  unwise  to  confine  the  understanding  to  one  specific 
treatment  or  method  to  be  used,  for  a  contract  once  made  may  not  be 
modified  by  one  party  without  the  complete  knowledge  and  consent 
of  the  other.  In  this  type  of  contract,  latitude  should  be  reserved  by 
the  practitioner  to  enable  him  to  use  different  or  improved  methods  if 
the  circumstances  warrant.  At  the  same  time  the  patient  should  be 
held  to  the  strictest  observance  of  directions. 

Consent  to  Treatment.— Although  it  may  not  be  practicable  or  neces- 
sary in  great  emergencies  before  undertaking  the  diagnosis  or  treatment 
of  an  infant,  a  married  woman,  or  a  person  suffering  from  some  tempor- 
ary or  permanent  disability  of  the  mind  or  otherwise  unable  to  speak 
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for  self,  it  is  better  to  get  the  consent  of  the  parents  or  person  in  charge 
of  the  patient,  as  well  as  when  there  is  no  emergency.  An  interesting 
case  showing  how  claims  arise  against  and  must  be  defended  by  physi- 
cians is  that  of  83  N.J.L.  20.  Here  the  plaintiff  applied  to  the  defend- 
ant physician  to  operate  upon  a  rupture  in  his  left  groin  that  had  been 
unsuccessfully  operated  on  two  years  before.  On  learning  that  the 
plaintiff  was  a  poor  man,  the  doctor  engaged  to  operate  free  of  charge. 
At  the  time  fixed  for  the  operation  the  plaintiff  was  placed  under  the 
anesthetic  by  two  assisting  surgeons  who,  when  the  operating  surgeon 
came  into  the  operating  room,  directed  his  attention  to  a  rupture 
they  had  just  discovered  in  the  patient's  right  groin  and  which  upon 
emploxment  of  diagnostic  tests  was  determined  to  be  a  serious  menace 
to  the  patient  and  likely  to  cause  his  death  should  strangulation  occur. 
The  surgeon  thereupon  operated  upon  the  more  serious  rupture  intend- 
ing to  operate  also  upon  the  other  which  he  was  prevented  from  doing 
by  the  patient's  condition  under  the  anesthetic.  The  patient  upon 
being  informed  that  the  operation  would  be  completed  on  a  following 
day  apparently  acquiesced,  but  later  declined  to  go  on  with  the  opera- 
tion and  brought  civil  action  for  damages  against  the  defendant  for 
assault  and  battery.  The  jury  in  the  lower  court  found  that  the 
defendant  had  performed  an  operation  on  the  plaintiff  without  his 
consent  and  rendered  a  verdict  of  $1000  against  him.  On  appeal 
the  Supreme  Court  in  setting  aside  the  verdict  held :  "  The  conclusion 
we  are  led  to  is  that  when  a  person  has  selected  a  surgeon  to  operate 
upon  him  and  has  appointed  no  other  person  to  represent  him  during 
the  period  of  unconsciousness  that  constitutes  a  part  of  such  operation, 
the  law  will  by  implication  constitute  such  surgeon  the  representative 
pro  hac  rice  of  his  patient  arid  will,  within  the  scope  to  which  such 
implication  applies,  cast  upon  him  the  responsibility  of  so  acting  in  the 
interest  of  his  patient  that  the  latter  shall  receive  the  full  benefit  of 
that  professional  judgment  and  skill  to  which  he  is  legally  entitled. 
Such  unplication  affords  no  license  to  the  surgeon  to  operate  upon  a 
patient  against  his  will  or  by  subterfuge,  or  to  perform  upon  him  any 
operation  of  a  sort  different  from  that  to  which  he  had  consented  or 
that  involved  risks  and  results  of  a  kind  not  contemplated.  As  to  such 
matters  the  rule  in  question  submits  nothing  to  the  judgment  of  the 
surgeon,  who  as  the  implied  representative  of  his  patient  can  under  such 
implication  truly  represent  him  only  in  so  far  as  he  gives  to  him  the 
benefit  of  his  professional  wisdom  within  the  general  lines  of  the  cura- 
tive treatment  agreed  upon  between  them;  unless  of  course  a  wider 
discretion  has  been  accorded  him.  Within  such  general  lines,  however, 
much  is  necessarily  left  to  the  good  judgment  of  the  operating  surgeon, 
just  how  much  will  depend  upon  the  circumstances  of  the  individual 
case." 

Physician  not  an  Insurer.— A  perusal  of  various  court  opinions  con- 
tained in  this  chapter  will  show  that  a  physician,  in  absence  of  contract 
to  the  contrary,  does  not  insure  against  injurious  results  nor  for  success 
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of  treatment.    He  simply   insures   proper  care  and    skill.     In    138 
Mo.  App.,   231,   for  malpractice   consisting  of    alleged    "negligent, 
rash,  unprofessional »    unskilful  and  ignorant  ovray  treatment,"  the 
plaintiff  received  a  verdict  for  $3500  in  the  lower  court.     The  appellate 
court  reversed  the  decision  and  remanded  for  new  trial.     The  plaintiff 
alleged  "  that  she  was  suffering  from  *  some'  ailment  which  caused  her 
to  consult  the  defendant  physician;  the  defendant  pronounced  the 
ailment  as  hardening  of  the  right  lobe  of  the  liver  and  proposed  to  treat 
the  plaintiff  for  the  ailment  with  the  x-rays;  that  defendant  so  treated 
the  plaintiff  with  x-rays,  that  the  right  side  of  her  abdomen  for  the 
space  of  more  than  a  foot  in  diameter  was  blistered  and  became  raw 
and  sore.''    The  court  instructed  the  jury  to  determine:  "was  the 
x-ray  treatment  given  to  the  plaintiff  by  the  defendant  in  accordance 
with  the  ordinary  and  established  practice  of  the  medical  profession 
for  treatment  of  the  disease  from  which  the  plaintiff  suffered."     The 
defendant  had  asked  the  court  to  instruct  the  jury :  "  that  the  defendant 
as  a  physician  should  not  be  held  as  an  insurer  of  the  success  of  treat- 
ment by  the  x-ray  process  or  that  it  would  not  be  attended  by  unex- 
pected results;  and  that  the  defendant  was  only  required  to  have  the 
necessary  learning  and  experience  to  give  the  treatment  in  a  careful  and 
prudent  manner."    The  court  refused  to  so  instruct  the  jury.     The 
Court  of  Appeals  held,  "  It  is  difficult  to  say  whether  or  not  the  plaintiff 
bases  the  case  on  the  charge  that  the  x-rays  were  not  the  proper  method 
of  treatment  for  her  ailment,— or  the  charge  that  the  defendant  was 
negligent  and  unskilful  in  the  application  or  both.     Unless  the  issue 
of  fact  is  clearly:  was  the  defendant  negligent  or  unskilful  in  prescribing 
such. . .  instructions  to  the  jury  as  requested  by  defendant  as  heretofore 
stated  were  proper  and  should  have  been  given.    However,  if  that 
issue  of  fact  is  clear  then  the  said  instructions  should  have  been  given 
with  additions  as  to  the  negligence  and  unskilfulness  in  prescribing 
such  treatment  at  all;  for  a  physician  might  be  fully  equipped  in  learn- 
ing, skill  and  care  to  use  the  x-rays  and  yet  use  them  in  a  case  where  a 
prudent  physician  would  not  have  adopted  them  as  a  remedy.     A  physi- 
cian is  not  to  be  held  for  an  honest  error  of  judgment.     He  is  only 
required  to  give  his  patient  his  diligent  attention  and  best  thought  and 
on  prescribing,  administering  or  applying  treatment,  to  use  that  care, 
skill  and  prudence  that  an  ordinarily  capable  doctor  would  use  in  the 
same  or  like  situation  and  condition  or  circumstances.     It  is  also  cer- 
tain that  the  defendant  is  not  an  insurer  of  the  success  of  any  kind  of 
treatment  which  he  may  prescribe  in  the  absence  of  a  contract  to  the 
contrary." 

Duration  of  Treatment.— It  is  well  when  undertaking  a  treatment  to 
consider  and  agree  as  to  the  extremely  important  feature  of  time. 
If  no  period  of  time  is  agreed  upon  to  complete  the  services  the  law  will 
imply  a  reasonable  time.  It  would  seem  best  to  agree  for  not  less 
than  a  certain  space  of  time  and  for  a  sufficient  time  in  addition  to 
complete  the  treatment  of  the  condition  existing  at  the  expiration 
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of  that  time.  "When  a  physician  is  engaged  to  attend  a  patient 
without  limitation  of  time  he  can  cease  his  visits  only  with  the  consent 
of  the  patient  or  on  giving  timely  notice,  or  when  the  patient  no 
longer  requires  medical  treatment/'  15  N.Y.  Supp.,  675,  cited  in  30 
(\vc.  1574. 

Associates  and  Assistants.— A  physician's  assistants  or  associates 
will  be  held  to  the  same  degree  of  skill  and  care  stated  and  he  may  be 
held  liable  for  not  exercising  care  in  their  selection.  "A  physician  is 
responsible  for  an  injury  done  to  a  patient  through  the  want  of  proper 
skill  and  care  in  his  associate  who  is  a  partner  or  assistant  or  appren- 
tice,'' 30  Cyc.  1581.  This  rule  will  probably  also  hold  for  his  own 
nurses  and  technicians.  "  There  are  situations  where  a  physician  will 
be  held  liable  for  injury  caused  by  no  fault  of  his  own  but  by  the  fault 
of  another  person.  This  liability  is  based  upon  the  simplest  principles 
of  agency.  A  physician  or  surgeon  may  be  liable  for  the  negligence  or 
default  of  his  medical  assistants,  nurses,  or  other  employees  or  serv- 
ants/' 21  R.C.L.  393.  This  is  confined,  of  course,  to  acts  done  while 
working  under  his  directions  or  to  those  acts  within  the  scope  of  the 
agent's  duty.  An  interesting  case  is  that  of  58  N.J.L.  193,  where  a 
physician  promised  the  plaintiff,  after  examination  of  his  wife,  that 
he  would  attend  her  at  her  confinement  which  he  stated  would  not  be 
for  several  days.  He  then  left  the  city,  but  before  his  return  she  was 
confined.  The  plaintiff  telephoned  the  physician's  house  for  him  to 
come  at  once  and  in  response  to  this  message  another  doctor  arrived 
who  stated  that  he  represented  the  first  physician.  He  proceeded  and 
took  charge  of  the  case.  The  child  died  shortly  after  being  born,  and 
the  first  physician  was  sued  for  alleged  injuries  to  the  wife  resulting 
from  the  child's  death.  The  Court  of  Errors  and  Appeals  held:  *' The 
two  doctors  were  each  of  them  practicing  physicians,  having  no  business 
connection  with  one  another,  except  that  one  was  attending  the  pati- 
ents of  the  other  while  he  was  temporarily  absent;  even  if  it  be  admit- 
ted, therefore,  that  he  was  employed  by  the  other  to  attend  the  wife, 
that  did  not  render  the  other  doctor  liable  for  his  neglect  or  want  of 
skill  in  the  performance  of  this  service  for  a  party  who 

follows  a  distinct  and  independent  occupation  of  his  own,  is  not 
responsible  for  the  negligent  or  improper  acts  of  the  other."  30  Cyc. 
1581  is  to  the  same  effect. 

Ck>mpensation.  — '*In  the  absence  of  an  express  agreement,  the  right 
of  a  physician  to  be  compensated  for  his  services  does  not  depend  upon 
the  measure  of  his  success  in  effecting  a  cure  by  the  means  employed, 
but  upon  diligent  exercise  under  his  employment,  of  the  skill  which 
commonly  pertains  to  his  profession.  Such  services  are  regarded  as 
beneficial  in  a  legal  sense  and  the  right  to  adequate  compensation  arises 
upon  their  rendition  whether  the  outcome  be  in  fact  beneficial  to  the 
patient  or  otherwise,"  30  Cyc.  1594. 

Merely  because  advice  or  treatment  is  given  free,  or  is  unpaid  for 
will  not  relieve  the  practitioner  of  liability.    He  is  not  obliged  to 
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continue  except  to  carry  the  patient  beyond  danger,  if  not  paid  as  and 
when  agreed  and  it  is  well  if  possible  to  have  the  time  and  amount  of 
payment  agreed;  but  he  cannot  in  the  absence  of  such  an  agreement 
without  much  risk,  stop  a  treatment  at  a  time  that  will  expose  the 
patient  to  serious  results.  "The  fact  that  "a  physician  or  surgeon 
renders  his  services  gratuitously  does  not  absolve  him  from  the  duty  to 
use  reasonable  and  ordinary  care,  skill  and  diligence,'*  30  Cyc.  1573. 
The  case  of  47  N.  Y.  186,  was  an  action  against  a  physician  for  mal- 
practice in  treating  the  eyes  of  the  infant  plaintiff.  At  the  trial  the 
question  was  asked  of  the  plaintiff's  father:  "  Has  the  defendant  ever 
called  upon  you  to  pay  for  services  in  that  matter?*'  Answer,  "  No, 
sir;  he  has  never  presented  any  bill  or  asked  for  any  pay."  The 
defendant  objected  to  this  question  on  the  ground  that  it  prejudiced 
the  jury  in  favor  of  the  plaintiff.  The  trial  court  overruled  the  objec- 
tion and  admitted  the  testimony.  The  jury  found  a  verdict  for  the 
plaintiff  for  $2000.  The  defendant  appealed,  contending  that  the 
court  erred  in  admitting  this  evidence.  On  appeal  the  Court  of 
Appeals  held,  "Whether  the  physician  had  presented  any  bill  or  asked 
for  any  pay  for  services  is  entirely  foreign  to  the  issue.  It  did  not 
legitimately  prove,  or  tend  to  prove,  either  want  of  care  or  skill  in  the 
treatment  of  the  plaintiff  by  the  defendant.  The  evidence  was  im- 
proper and  its  admission  under  objection  error  for  which  the  judgment 
will  be  reversed.'*  To  the  same  effect  is  40  111.  209,  which  was  an 
action  against  a  surgeon  for  malpractice.  The  court  instructed  the 
jury:  "that  if  the  defendant  had  held  himself  out  as  a  physician,  he 
was  liable  for  whatever  damage  may  have  occurred  to  the  plaintiff  by 
reason  of  any  want  of  skill  or  care  on  his  part  whether  he  charged  fees 
or  not."  Judgment  was  for  the  plaintiff.  Defendant  appealed.  The 
appellate  court  held  "The  judge  stated  the  responsibility  of  a  physi- 
cian too  strongly  in  his  instructions  to  the  jury.  It  is  true  that  a 
physician  is  liable  even  though  he  does  not  receive  fees,  but  he  must  be 
held  to  only  ordinary  and  not  the  highest  degree  of  skill  and  care.  By 
the  use  of  the  word  *  any'  in  his  instructions  the  judge  implied  that  the 
physician  was  bound  to  use  the  highest  skill  and  care."  Judgment 
reversed.  New  trial  ordered.  In  88  Iowa  320,  it  is  said,  "We  can 
discover  no  good  reason  why  the  degree  of  care  to  be  used  by  the 
physician  or  surgeon  should  be  less  in  case  his  services  are  gratuitously 
rendered."  "If  a  physician  undertakes  the  treatment  of  a  patient  un- 
able to  compensate  him,  his  liabilities  for  negligence  or  malpractice 
are  the  same  as  in  the  case  of  any  other  patient,**  30  Cyc.  1581. 

Many  physicians  erroneously  believe  that  they  cannot  be  sued  for 
malpractice  if  the  treatment  is  carried  out  in  a  hospital  or  dispensary 
and  especially  if  no  fee  is  charged  or  if  the  institution  collects  and 
retains  tlie  fee.  We  have  seen  that  gratuitous  services  do  not  effect 
a  physician's  liability.  It  is  fairly  well  established  in  all  jurisdictions 
that  being  engaged  by  an  institution  in  a  professional  capacity,  salaried 
or  unsalaried,  does  not  necessarily  alter  a  physician's  liability  insofar 
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as  concerns  negligence  or  skill.  It  is  also  the  weight  of  opinion  that 
charitable  hospitals  are  not  liable  for  the  negligence  or  misconduct  of 
their  doctors  or  employees.  If  a  dispensary  patient  or  a  patient  in  a 
charitable  hospital  is  injured  by  the  x-rays  and  it  can  be  proved  that  the 
injury  was  caused  by  the  negligent  or  unskilful  application  of  the 
a'-rays  by  a  physician  or  his  agent  (assistant,  nurse  or  lay  technician) 
the  physician  may  be  liable  to  respond  in  damages.  There  are  numer- 
ous instances  of  this  kind  where  a  surgeon  or  his  assistant  or  a  nurse 
has  left  an  instrument  or  piece  of  gauze  in  the  abdomen  after  a  surgical 
operation.  In  the  case  of  U.  S.  256  Fed.  Rep.  196,  Jour.  Am.  Med. 
Assn.,  October,  1919,  p.  13()6,  a  visiting  surgeon  on  the  staff  of  a  public 
hospital  w^as  compelled  to  respond  in  damages  to  the  extent  of  $7709.57 
for  the  alleged  negligent  treatment  of  deranged  bones  of  the  legs  or 
bow  legs.  The  patient's  legs  had  been  placed  in  a  plaster  cast  by  the 
surgeon.  The  patient  was  then  attended  by  the  hospital  interne.  It 
was  alleged  that  the  pressure  of  the  cast  had  caused  an  injury  that 
necessitated  amputation  of  a  leg.  There  was  contradictory  evidence 
as  to  whether  the  surgeon  interfered  with  the  interne's  treatment. 
"  A  physician  employed  by  a  city  to  treat  patients  at  the  city  alms- 
house is  liable  to  one  of  such  persons  who  is  injured  through  the 
physician's  negligence,  although  there  is  no  contractual  relation 
between  such  patient  and  the  physician,"  30  Cyc.   1581. 

"  A  hospital  created  and  existing  for  purely  governmental  purposes 
and  under  the  exclusive  ownership  and  control  of  the  State  is  not 
liable  for  injuries  to  a  patient  caused  by  the  negligence  or  misconduct 
of  its  employees,"  21  Cyc.  1108.  **  A  private  hospital  which  is  in  its 
nature  a  charitable  institution  is  not  liable  in  damages  to  patients  for 
the  negligence  or  misconduct  of  its  officers  or  employees,"  21  Cyc.  1111. 
The  Supreme  Court  of  Washington,  169  Pac.  Rep.  828,  affirmed 
a  judgment  that  dismissed  an  action  brought  by  the  plaintiff,  a  child, 
to  recover  damages  alleged  to  have  been  sustained  by  reason  of  negli- 
gence of  the  hospital  nurses,  and  followed  its  rule  in  a  former  case  to 
the  effect,  "  a  charitable  institution  is  not  liable  for  the  negligence  of  a 
physician  whom  it  employed,  but  is  responsible  for  want  of  ordinary 
care  in  selecting  him."  The  Alabama  Supreme  Court,  191  Ala.  572, 
68  S.  Rep.  4,  however,  gives  a  contrary  opinion  in  a  case  of  a  hospital 
nurse  at  the  same  time  stating  that  the  court  recognizes  the  weight  of 
authority  in  the  United  States  is  to  the  contrary.  In  the  case  of 
r.S.  247  Fed.  Rep.  639,  the  United  States  Circuit  (^ourtof  Appeals, 
Third  Circuit,  refused  to  hold  a  charity  hospital  responsible  for  negli- 
gence and  unauthorized  conduct  on  the  part  of  a  nurse  who  adminis- 
tered poison  instead  of  a  cathartic  to  a  patient.  In  the  case  of  Wyo. 
160  Pac.  Rep.  385,  the  Supreme  ( 'ourt,  in  reversing  a  judgment  obtained 
by  the  plaintiff  against  the  defendant  hospital,  hands  dox^-n  an  interest- 
ing and  instructive  opinion.  The  plaintiff  was  burned  by  a  hot-water 
bottle  placed  in  position  by  a  nurse.  The  court  says  that  ''two 
questions  are  presented  for  determination:  first,  was  the  hospital  a 
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charitable  institution;  second,  if  so,  was  it  liable  for  an  injury  to  a 
patient  caused  by  the  negligence  of  one  of  its  nurses  in  the  absence 
of  allegation  and  proof  of  negligence  of  its  officers  or  managers  in  the 
selection  of  such  nurse?"  The  court  answers  the  first  question  in  the 
affirmative,  and  the  second  in  the  negative,  saving,  "the  fact  that  the 
hospital  charged  for  the  accommodation  and  care  bestowed  on  patients 
who  were  able  to  pay  did  not  change  its  character,  and  that  the  rule  is 
well  established  by  legal  precedents." 

CLAIM  AND  SUIT. 

It  must  be  distinctly  understood  that  whether  there  is  or  is  not  fault 
or  want  of  skill  on  the  part  of  the  physician,  he  can  be  sued  by  a  person 
claiming  there  is  injury  and  damages,  and  the  physician  will  be  obliged 
to  defend  the  suit,  otherwise  there  will  be  a  judgment  by  default  taken 
against,  him.  Unless  the  matter  is  settled  before  trial  he  must  go 
through  a  trial  to  submit  his  side  of  the  case  and  depend  on  the  court 
and  jury  to  consider  his  contentions  sufficiently  made  out. 

Insurance.— On  receipt  of  the  first  demand  made  verbally  or  in  writ- 
ing and  whether  the  latter  is  a  legal  paper  or  not,  the  physician  should 
at  once  consult  his  insurance  company,  if  he  is  insured  for  the  full 
amount  demanded.  If  not  so  covered  or  if  there  is  any  doubt  as  to 
being  covered  over  the  entire  period,  personal  legal  counsel  should  be 
seen.  In  some  states  the  county  or  state  medical  society  will  furnish 
an  attorney,  but  it  wall  not  pay  any  damages. 

Some  of  the  important  provisions  of  the  "  physician's  liability  policy" 
of  a  leading  insurance  company  are,  "The  company  does  hereby  agree 
to  indemnify  the  person  (herein  called  the  assured)  named  in  statement 
1  of  the  schedule  of  warranties,  or  the  estate  of  said  person,  against 
loss  from  the  liability  imposed  by  law  upon  the  assured  for  damages  on 
account  of  any  malpractice,  error,  or  mistake:  (a)  of  the  assured  in  the 
practice  of  his  profession  during  the  term  of  this  policy;  (6)  of  any 
assistant  of  the  assured  while  assisting  the  assured  in  the  administration 
of  medical  or  surgical  treatment  during  the  said  term; 

"  To  defend  in  the  name  and  on  behalf  of  the  assured  any  suit  brought 
against  the  assured,  or  against  his  estate,  to  enforce  a  claim,  whether 
groundless  or  not,  for  damages  on  account  of  any  alleged  malpractice, 
error,  or  mistake:  (a)  of  the  assured  in  the  practice  of  his  profession 
during  the  term  of  this  policy;  (b)  of  any  assistant  of  the  assured  while 
assisting  the  assured  in  the  administration  of  medical  or  surgical 
treatment  during  the  said  term,  subject  to  the  following  conditions: 

"The  company's  liability  for  loss  resulting  from  one  claim  or  suit 
is  limited  to  five  thousand  dollars,  and,  subject  to  the  same  limit  for 
each  claim  or  suit,  the  company's  total  liability  under  this  policy  is 
limited  to  fifteen  thousand  dollars.  The  expenses  incurred  by  the 
company  in  defending  any  suit,  including  the  interest  on  any  verdict 
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or  judgment  and  any  costs  taxed  against  the  assured,  will  be  paid  by 
the  company  in  addition  to  the  limits  expressed  above. 

"No  person  shall  be  deemed  to  be  assisting  the  assured  unless: 

"(a)  Such  person  is  named  in  the  schedule  of  warranties,  or  is  a 
successor  to,  or  a  substitute  for,  a  person  so  named;  or, 

"  (6)  Such  person  is  a  physician,  surgeon,  or  dentist  and  is  tempo- 
rarily acting  as  a  substitute  for  the  assured  in  an  emergency  when  the 
assured  cannot  act,  or  during  a  period  in  which  the  assured  is  not 
actively  engaged  in  his  professional  duties;  or, 

"  (c)  Such  person  is  actually  assisting  the  assured  (but  not  neces- 
sarily in  the  assured's  presence)  under  the  assured's  instructions  in  the 
administration,  by  the  assured,  of  medical  or  surgical  treatment. 

"This  policy  does  not  cover  loss  from  liability  for,  or  any  suit  based 
on,  any  malpractice,  error,  or  mistake—  (1)  of  any  partner  of  the  assured 
unless  such  partner  is  named  in  the  schedule  of  warranties;  (2)  of  the 
assured  while  in  any  degree  whatever  under  the  influence  of  intoxicants, 
anesthetics,  or  narcotics;  (3)  of  the  assured  or  any  assistant  of  the 
assured  while  committing  any  criminal  act. 

"  In  case  the  assured  becomes  aware  of  any  malpractice,  error,  oi 
mistake  covered  hereunder,  or  any  alleged  malpractice,  error,  or  mis- 
take, the  assured  shall  give  immediate  written  notice  thereof,  with 
the  fullest  information  obtainable  at  the  time,  to  the  company  at  its 
home  office  or  to  the  agent  who  has  countersigned  this  policy.  If 
any  claim  is  made  against  the  assured  on  account  of  any  malpractice, 
error,  or  mistake  covered  hereunder,  or  on  account  of  any  alleged 
malpractice,  error,  or  mistake,  the  assured  shall  give  like  notice  thereof 
with  full  particulars. 

"If  thereafter  any  suit  is  brought  against  the  assured  to  enforce 
such  a  claim,  the  assured  shall  immediately  forward  to  the  company 
at  its  home  office,  or  to  the  agent  who  has  countersigned  this  policy, 
every  summons  or  other  process  as  soon  as  the  same  shall  have  been 
served  on  him.  The  assured  shall  at  all  times  render  to  the  company 
all  cooperation  and  assistance  within  his  power. 

"The  company  shall  not  compromise  any  claim  or  settle  any  suit 
against  the  assured  without  the  written  consent  of  the  assured. 

"The  defense  of  any  suit  under  this  policy  by  the  company  will  be 
continued  until  a  final  decision  is  rendered  in  the  assured's  favor,  or 
until  the  case  has  been  appealed  to  the  highest  court  to  which  an  appeal 
can  be  taken  or  until  the  suit  has  been  settled  with  the  written  consent 
of  the  assured. 

"The  assured  shall  not  voluntarily  assume  any  liability;  nor  incur 
any  expense  without  the  written  consent  of  the  company  previously 
given;  nor,  except  at  his  own  cost,  settle  any  claim;  nor,  excepting  as 
pro\ided  in  condition  (),  interfere  in  any  negotiations  or  legal  proceed- 
ings conducted  by  the  company  on  account  of  any  claim." 

An  insurance  company  is  only  liable  according  to  the  terms  of  the 
policy.  Actions  are  frequently  brought  for  more  than  the  amount 
limited  in  policies. 
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The  insurance  companies  if  liable  to  any  extent  will  insist  on  con- 
ducting the  defense,  but  they  are  not  likely  to  object  to  personal  counsel 
being  associated,  provided  there  is  no  difference  of  opinion  as  to  the 
manner  of  conducting  the  defense.  The  company  will  usually  make 
no  charge  for  the  services  of  its  lawyers  or  the  expenses  of  trial.  These 
expenses  of  a  trial  are  often  heavy,  especially  if  there  is  an  appeal. 

Compromise.— Compromise  and  settlement  before  trial  is  frequently 
possible  and  often  advantageous  in  view  of  newspaper  notoriety, 
loss  of  time,  waiting  for  trial  or  final  decision  because  of  appeal,  and 
effect  of  possible  adverse  verdict  and  judgment.  Many  have  the 
mistaken  notion  that  settlement  concedes  liability.  If  a  settlement  is 
sufficiently  advantageous  it  is  merely  a  business  proposition.  Offers 
of  settlement  are  not  usually  permissible  in  evidence  at  a  trial. 

A  contract  of  settlement  is  legal,  and  releases  the  physician  from  all 
further  liability.  In  the  cases  of  infants  and  incompetent  persons  the 
approval  of  the  court  will  usually  be  necessary. 

« 

PREPARATION  FOR  TRIAL. 

Assuming  a  settlement  out  of  court  to  be  impossible  or  disad- 
vantageous, preparation  for  defense  and  trial  should  be  made. 
In  fact  steps  should  be  taken  to  those  ends  as  soon  as  notice  of 
claim  is  received  regardless  of  chances  or  overtures  for  settlement; 
and  to  delay  is  hazardous.  Courts  and  juries  must  be  furnished  proof 
of  facts  and  circumstances;  no  diligence  in  locating  favorable  wit- 
nesses and  evidence  is  too  great.  Here  is  where  the  great  advantage 
of  the  physician  having  definite,  accurate  data,  and  photographic 
records  of  the  prior  condition,  of  his  diagnosis,  treatment  and  results 
will  appear.  He  vaW  be  at  a  serious  disadvantage  \^athout  such  to 
assist  his  lawyer  in  preparing  his  case  and  at  the  trial  in  his  testimony. 

The  patient  is  apt  to  have  a  good  memory  for  most  of  the  circum- 
stances which  he  thinks  favorable  to  himself  as  it  will  be  probably  his 
only  case  of  the  kind,  while  the  physician  dealing  with  many  patients 
may  only  with  difficulty  without  data,  recall  events  any  one  of  which 
may  be  the  winning  point. 

A  complete  definite  bill  of  particulars  of  plaintiff's  claims  of  injuries 
and  damages  should  be  obtained  by  agreement  or  order  of  the  court 
as  soon  as  possible. 

It  is  usually  advantageous  to  get  by  consent  or  order  of  the  court 
a  physical  examination  of  the  plaintiff  at  which  examination  expert 
witnesses  can  obtain  at  first  hand  data  of  the  existing  condition. 
Sometimes  it  is  well  to  get  an  examination  at  the  start  of  the  action 
and  another  just  before  trial. 

It  is  important  to  have  the  written  medical  authorities  on  the 
questions  involved,  and  to  keep  in  mind  any  letters,  writings  or  lec- 
tures bearing  on  the  disputed  points  the  defendant  physician  may 
have  made  in  the  past. 
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Expert  Witnesses.— There  is  a  saying  to  the  effect  that  a  lawyer  is  a 
poor  lawyer  for  himself  and  for  the  same  reason  it  is  desirable  to  have 
one  or  more  physicians  recognized  in  the  profession  as  best  qualified 
to  speak  on  the  issues,  to  advise  and  assist  in  the  preparation  for  trial 
and  to  testify. 

The  necessity  of  competent  expert  witnesses  is  shown  by  the  follow- 
ing cases:  123  Va.  113;  96  S.E.Rep. 360;  Jour.  Am.  Med.  Assn.,  LXXII, 
No.  15,  p.  1100,  quotes  and  approves,  78  Fed.  Rep  442,  "When  a  case 
concerns  a  highly  specialized  art  .  .  .  vAt\i  respect  to  which  a  lay- 
man can  have  no  knowledge  at  all,  the  court  and  jury  must  be  depen- 
dent on  expert  evidence.  There  can  be  no  other  guide,  and,  where 
want  of  skill  or  attention  is  not  shown  by  expert  evidence  applied  to 
the  facts,  there  is  no  evidence  of  it  proper  to  be  submitted  to  the 
jury.  If  no  standard  was  established  by  the  testimony  of  physicians, 
then  the  jury  had  no  standard,*'  and  further  quotes  and  approves, 
23  Colo.  App.,  171,  "This  does  not  militate  against  the  right  of 
the  jur\'  to  decide  between  conflicting  testimony  of  different  physi- 
cians or  experts  on  the  question  of  a  standard;  it  only  goes  to  the 
extent  that,  if  in  doubt  upon  any  matter  necessary  to  enable  the  jury 
to  say  that  a  standard  has  been  fixed  for  its  guidance  by  the  testi- 
mony of  such  qualified  witnesses,  then  it  cannot  from  other  incom- 
petent evidence  .  raise  a  standard.''  91  Minn.  219,  97 
N.W.Rep.  882,  was  an  action  for  damages  for  injuries  alleged 
to  have  been  caused  by  a  physician's  negligence  and  unskilfulness 
in  the  use  of  the  roentgen  rays.  After  trial  in  the  lower  court 
the  action  was  dismissed.  Plaintiff  appealed  to  the  Supreme  Court 
where  the  ruHng  of  the  lower  court  was  reversed.  The  defendant  had 
made  several  roentgenograms  of  the  plaintiff's  chest  in  an  attempt 
to  locate  a  foreign  body.  A  radiodermatitis  resulted  which  required 
many  months  to  heal,  but  it  was  healed  at  time  of  trial.  The  alleged 
negligence  referred  to  improper  technic.  The  plaintiff  had  an  ex])ert 
iiitness  who  was  well  acquainted  wdth  the  .r-rays  and  its  properties 
because  of  his  position  as  professor  of  physics  in  a  college.  This  witness 
testified  that  the  defendant's  technic  was  faulty.  The  defendant 
objec*ted  to  this  testimony  on  the  ground  that  the  expert  witness  was 
not  a  physician  and  was  therefore  incompetent  to  testify  as  to  the 
defendant's  negligence  in  the  use  of  the  .r-rays.  The  defendant  con- 
tended that  in  an  action  for  malpractice  no  expert  witness  was  compe- 
tent to  testify  who  was  not  a  physician  of  the  same  school  as  the 
defendant,  i.  e.,  the  same  kind  of  a  physician.  The  lower  court  rejected 
the  evidence  given  by  the  plaintiff's  expert  witness,  and  the  case  was 
dismissed.  The  plaintiff  appealed  from  this  order  assigning  as  error 
the  dismissal  and  rejection  of  the  testimony  of  the  plaintiff's  expert 
witness.  The  Supreme  Court  on  appeal  held:  "The  application  of  the 
x-rays  to  the  plaintiff  was  not  for  purpose  of  treating  a  disease  or 
ailment  but  for  the  purpose  of  locating,  if  ])ossible,  a  foreign  substance 
in  the  plaintiff's  lung,  therefore  the  a:-rays  were  not  in  this  case  used  as 
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a  remedial  agent.    The  a--rays  may  be  applied  by  any  person  who  has 
the  requisite  scientific  knowledge  of  its  properties  and  the  court  sees  no 
reason  why  its  application  to  the  human  b(Kly  may  not  be  explained  by 
any  person  who  understands  it.     If  the  application  of  the  a"-rays  had 
been  for  medical  purposes  and  not  for  the  scientific  purpose  of  dis- 
covering the  presence  of  a  foreign  substance  in  his  lungs  it  might  be 
different.    Order  of  the  lower  court  reversed  because  of  error  in  exclud- 
ing the  evidence  of  the  plaintiff's  expert  witness  and  for  dismissing  the 
action.''    The  ruling  of  the  Supreme  (^ourt  in  this  case  would  make  it 
legal  in  that  jurisdiction  for  persons  other  than  physicians,  prox-ided 
they  possess  requisite  knowledge  of  the  ar-rays,  to  employ  the  j'-rays  for 
diagnostic  purposes  such  as  the  location  of  foreign  bodies  in  human 
beings.     It  also  permits  a  lay  person  who  possesses  proper  knowledge 
of  the  .r-rays  to  qualify  as  an  expert  witness  in  such  actions  for  mal- 
practice where  the  injury  is  alleged  to  have  been  caused  by  the  ir-rays. 
In  127  Iowa,  456,  103  N.W.Rep.  360,  the  action  was  for  damages 
for  injury  suffered  by  a  patient  through  the  alleged  negligent  use  of  the 
r(H»ntgen  rays  by  the  defendant  physician  in  treating  appendicitis. 
The  plaintiff's  expert  witnesses  testified  that  the  or-ray  treatment  of 
appendicitis  was  not  a  proper  one.     It  was  also  shown  to  the  jury  that 
the  plaintiff  was  severely  injured  on  the  abdomen  by  the  j^-rays  and 
suffered  great  pain  and  extended  if  not  permanent  disability  thereby. 
The  defendant  objected  to  this  e\idence  on  the  ground  that   the 
plaintiff's  expert  \^itnesses  were  not  physicians  of  the  same  school  as 
the  defendant.    The  court  overruled  the  objection.    One  of  the  plain- 
tiff's expert  witnesses  was  asked  if  he  had  not  done  several  skin  grafting 
operations  on  patients  who  had  been  injured  as  a  result  of  the  applica- 
tion of  the  j--ravs  bv  the  defendant.    The  answer  was  in  the  affirmative. 
The  defendant  objected  to  this  testimony  on  the  ground  that  the  plain- 
tiff  could  not  introduce  evidence  of  other  cases  wherein  the  defendant 
had  injured  his  patients  by  the  ^-rays,  for  the  purpose  of  proxing  that 
he  had  been  negligent  in  the  case  upon  trial.     The  court  also  over- 
ruled this  objection.     The  jury  found  a  verdict  for  the  plaintiflF;  the 
defendant  appealed.     The  Supreme  Court  held:    "The  fact  that  the 
plaintiff  was  severely  injured  by  exposure  to  the  a:-rays  is  clearly  shown. 
We  think  this  was  a  question  of  science  and  skill  wholly  independent 
of  the  methods  of  treatment  of  any  particular  school.     It  would  hardly 
be  contended  by  any  school  of  healing  that  such  *  burning'  was  proper 
treatment  for  anv  disease  or  in  accordance  with  the  theories  of  anv 
school.     Whatever  error  it  may  have  been  to  allow  competent  expert 
witnesses  from  another  school  than  that  to  which  the  defendant  be- 
longed to  testify  as  to  whether  x-ray  treatment  was  proper  for  appendi- 
citis, the  admission  of  the  evidence  did  not  prejudice  the  defendant. 
It  was  not  pr()]HT  for  the  plaintiff  to  introduce  evidence  showing  that 
the  defendant  had  injured  patients  at  other  times  with  the  x-rays  for 
the  purpose  of  i)roving  incompetenc^e  or  negligence  in  this  case.     The 
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fact  that  the  defendant  had  injured  other  persons  is  no  proof  that  the 
defendant  was  incompetent  or  negligent  in  treating  the  plaintiff.  The 
fact  that  the  plaintiff  was  severely  'burned'  is  some  evidence  in  itself 
that  the  treatment  was  improper.  Judgment  reversed  for  error  in 
admission  of  the  evidence  as  to  injuries  to  other  patients/' 

DEFENSES. 

The  defense  or  defenses  should  be  outlined  and  prepared  with  all 
possible  data  in  hand. 

Statute  of  Limitation8.--The  defense  first  in  importance  is  the 
technical  one  of  the  "statute  of  limitations''  otherwise  known  as 
"limitation  of  actions"  or  "expiration  of  time  for  suit."  Such  limit  is 
usuaUy  at  least  one  year  but  this  varies.  It  also  depends,  generally 
speaking,  on  whether  the  action  is  on  contract  or  tort.  In  some 
jurisdictions  the  limitation  is  fixed  by  statute.  In  any  case  the  choice 
or  necessity  of  time  and  form  of  action  must  be  ascertained  from  the 
law  of  the  jurisdiction,  but  it  is  of  extreme  importance  not  only  as  to 
whether  the  circumstances  warrant  such  a  defense  but  also  as  to  the 
insurance  company's  liability  if  insured.  For  instance,  the  insurance 
company  may  not  cover  the  whole  period  of  treatment. 

The  following  are  examples  of  how  the  courts  have  held  with  respect 
to  this  defense.  In  Ohio,  124  N.E.Rep.  238;  Jour.  Am.  Med.  Assn., 
April  3, 1920,  p.  972,  the  Supreme  Court  of  Ohio,  reversing  a  judgment 
affirmed  by  the  Court  of  Appeals  says  "  the  plaintiff's  petition  stated 
that,  December  29,  1913,  the  plaintiff  sustained  a  fracture  of  both 
bones  of  her  left  leg  above  the  ankle-joint  and  on  that  date  employed 
the  defendant  to  treat  the  case;  that  he  was  unsuccessful  in  his  first 
attempt  to  reduce  the  fracture,  and  in  about  a  week  attempted  again 
to  set  or  reset  the  fractured  limb,  and  again  negligently  failed  to  place 
the  fractured  ends  of  the  bone  together  .   and  treated  plaintiff 

until  May,  1914.  This  action  for  damages  was  begun  in  April,  1915.  The 
defendant's  demurrer  was  on  the  ground  that  the  plaintiff's  right  of 
action  was  barred  by  the  'statute  of  limitations/  and  the  question  was, 
when  did  the  statute  begin  to  run  as  against  the  plaintiff;  did  more 
than  one  year  intervene  between  the  date  on  which  her  cause  of  action 
'accrued'  and  the  date  on  which  such  action  was  commenced'^"  The 
Supreme  Court  holds  "  this  action  was  begun  more  than  a  year  from  the 
date  of  the  fracture  but  less  than  a  year  from  the  date  the  patient  was 
discharged.  In  an  action  for  a  breaeli  of  contract  in  such  a  case,  the 
statute  of  limitations  does  not  begin  to  run  until  the  contract  relation 
is  terminated,  and  as  under  the  allegations  of  the  plaintiff's  i)etition 
the  contract  of  employment  between  the  surgeon  and  his  patient 
continued  from  December  29,  1913,  to  May,  1914,  the  plaintifl''s  right 
of  action  did  not  accrue  until  May,  1914,  and  was  not  barred  by  the 
statute  of  limitations  when  the  action  was  brought." 

In  la.  162  X.W.Rep.  217,  where  action  was  started  in  191;"),  fourteen 
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years  after  treatment  by  x-rays  and  three  years  after  development  of 
a  cancerous  growth  at  the  locality  of  jr-ray  "  burn"  the  Supreme  Court 
aflBrms  a  judgment  in  favor  of  the  defendant  in  that  the  plaintiff's 
alleged  cause  of  action  was  barred  by  the  statute  of  limitations  of  time 
to  sue  which  for  negligence  was  much  less  than  that  for  fraud,  which 
was  five  years.  The  court  says  that  it  was  alleged  that  in  1901  the 
plaintiff,  then  under  seventeen  years  of  age,  broke  his  right  wrist.  It 
was  set  by  other  physicians.  In  June  of  that  year  the  defendant  made 
several  a--ra\'  exposures  over  a  period  of  ten  days  for  the  pur|>ose  of 
making  radiographs.  That  it  was  alleged  as  a  result,  the  skin  on  the 
hand  and  wrist  was  "discolored;''  that  the  defendant  admitted  that  the 
a^-rays  had  caused  the  "discoloration"  and  fraudulently  informed  the 
plaintiff  that  the  injury  was  of  no  particular  consequence  and  would 
be  temporary  in  its  effects,  fraudulently  concealing  from  the  plaintiff 
the  true  nature  of  the  injury;  that  the  defendant  then  treated  the 
"discoloration"  for  a  time  and  it  apparently  disappeared,  leaving  a 
scar,  but  with  the  usual  use  of  the  hand;  that  the  plaintiff  and  his 
parents  fully  relied  on  the  statement  and  advice  of  the  defendant  as 
to  the  temporary  effect  of  the  a*-rays  and  nothing  further  was  done  in 
regard  thereto  until  1912;  that  the  use  of  the  a*-ray  machine  by  the 
defendant  produced  a  cancerous  condition  which  was  latent  and  dor- 
mant until  1912  and  the  plaintiff  had  no  knowledge  of  said  condition 
until  then ;  that  then  the  tissue  of  the  right  hand  where  the  j^-rays  had 
been  applied,  broke  down  and  became  an  epithelioma  or  cancerous 
growth,  which  caused  great  pain  and  necessitated  amputation  of  the 
right  forearm.  The  court  says;  "Was  the  plaintiff's  cause  of  action 
concealed  by  the  statement  of  the  defendant  that  the  original  *  burning' 
was  but  temporary  and  was  of  no  particular  consequence  and  did  the 
defendant  fraudulently  conceal  the  true  effect  produced  by  the  use  of 
the  .r-ray  machine?  The  plaintiff  alleged  that  he  was  *  burned'  in 
1901  and,  as  he  alleged,  by  the  negligence  of  the  defendant.  The 
fact  was  known  by  the  plaintiff  and  his  parents.  All  damages  which 
subsequently  developed  were  traceable  to  and  based  on  that  act. 
By  the  original  act  the  plaintiff  was  injured  and,  as  the  petition  alleged, 
by  the  negligence  of  the  defendant.  He  would  have  been  entitled  to 
some  damages  at  that  time;  and  if  it  be  true  that  cancer  necessarily 
and  in  all  cases  is  the  result  of  such  'burning',  or  if  cancer  is  the  probable 
result,  such  fact  could  be  shown  as  bearing  on  the  question  of  damages 
in  an  action  for  the  original  injury.  If  cancer  is  not  the  necessary  or 
probable  result  of  such  'burning,'  then  the  defendant's  statement 
would  be  more  or  less  of  an  opinion  and,  in  that  case,  the  fact  that 
later,  and  in  1912,  a  cancerous  condition  did  develop  and  the  plaintiff's 
damages  might  therefore  be  increased,  would  not  constitute  a  new  cause 
of  action.  It  would  seem  then  that  the  plaintiff's  cause  of  action 
accrued  at  the  time  of  the  original  injury." 

This  last  o])inion  is  an  important  legal  precedent.    In  some  cases  it 
would  seem  advisable  to  bring  out  at  the  trial  the  fact  that  sequelae 
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are  possible  but  improbable  late  results  of  radiodermatitis.  It  appears 
that  if  sequelae  develop  as  a  result  of  an  r-ray  injury  and  said  sequelae 
develop  subsequent  to  the  expiration  of  the  statute  of  limitations,  such 
development  does  not  constitute  a  new  cause  of  action. 

No  Cause  of  Action.— The  next  defense  will  naturally  be  that  there 
is  no  cause  of  action  as  the  physician  exercised  a  proper  degree  of  skill 
and  diligence.  No  presumption  of  negligence  or  want  of  skill  can 
arise  from  the  fact  that  a  physician  failed  to  effect  a  cure  and  in  the 
absence  of  an  agreement  for  specific  results  there  can  be  no  recovery. 
Previous  cases  cited  support  this.  Ordinarily  the  burden  of  proof  is 
on  the  plaintiff  to  establish  the  negligence  or  want  of  skill  of  the 
physician  and  the  burden  is  on  the  defendant  physician  to  prove  his 
defenses.  The  weight  of  legal  opinion  appears  to  be  that  the  ex- 
istence or  development  of  an  injury  or  condition,  after  accepting  a 
case,  does  not  of  itself  establish  prima  facie  negligence  or  want  of  skill. 
This  theory  has  often  been  discussed  as  ''res  ipsa  loquitur,''  or  "the 
thing  speaks  for  itself.''  In  other  words  if  the  doctrine  of  res  ipsa 
loquitur  were  to  be  generally  applied  in  deciding  an  action  for  mal- 
practice as  it  is  in  a  few  jurisdictions,  the  fact  that  the  plaintiff  patient 
was  injured  would  of  itself  be  prima  facie  proof  or  warrant  an  inference 
of  negligence  and  lack  of  skill  on  the  part  of  the  defendant  physician 
and  it  would  not  be  necessary  for  the  plaintiff  to  prove  in  the  first 
instance  the  physician's  negligence  and  lack  of  skill  by  testimony  of 
witnesses.  Such  a  doctrine  would  transfer  directly  or  indirectly  the 
burden  of  proof  from  the  plaintiff  to  the  defendant.  The  weight  of 
opinion  is  against  it. 

The  great  advantage  and  importance  of  this  defense  is  shown  by 
the  following  examples  in  practice:  '*If  the  maxim  'res  ipsa  loquitur' 
were  applicable  to  a  case  like  this,  and  a  failure  to  cure  were  held 
to  be  evidence,  however  slight,  of  negligence  on  the  part  of  the 
physician  or  surgeon  causing  the  bad  result,  few  would  be  cour- 
ageous enough  to  practice  the  healing  art,  for  they  would  have  to 
assume  financial  liability  for  nearly  all  the  ills  that  flesh  is  heir  to," 
78  Fed.  Rep.,  442.  The  latter  case  is  cited  and  approved  in  35 
App.  Case  57,  Dist.  Col.;  the  case  was  tried  in  the  Supreme 
Court  of  the  District  of  Columbia.  It  was  an  action  against  a 
physician  for  negligence  in  applying  the  jr-rays  for  the  purpose  of 
diagnosing  a  fractured  rib.  The  defendant  was  a  specialist  in  the  use 
of  ar-rays  for  diagnostic  })urposes  to  whom  the  plaintiff  had  been  sent 
by  her  own  physician.  The  plaintiff  testified  that  she  said  to  the 
defendant  that  she  had  been  told  the  X'Tays  were  dangerous  and  that 
the  defendant  told  her  that  there  was  no  more  danger  to  her  than  there 
was  to  him,  and  that  she  was  told  by  the  defendant's  wife  who  was  his 
assistant  that  in  a  wide  experience  with  the  a--rays,  they  had  not  had 
an  accident.  The  defendant  had  several  expert  witnesses  who  testified 
that  his  apparatus  and  technic  of  application  had  been  in  accordance 
with  good  practice;  and  that  according  to  their  experience  and  reading 
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it  was  impossible  to  guard  absolutely  against  a  "burn/'  The  plaintiff 
asked  the  court  to  instruct  the  jury  that  if  they  decided  that  the  plain- 
tiff was  "burned**  in  the  course  of  the  operation,  that  of  itself  would  be 
evidence  of  negligence  on  the  part  of  the  defendant  and  cast  on  him 
the  burden  to  prove  that  he  was  not  negligent.  The  court  refused  to 
so  instruct.  The  plaintiff  appealed  for  that,  for  failure  of  defendant 
to  warn  her  and  for  other  reasons  and  the  court  says:  "Generally  speak- 
ing no  inference  of  negligence  can  be  drawn  from  the  result  of  the  treat- 
ment of  a  physician  or  surgeon.  .  .  The  result  of  the  general  rule 
is  that,  in  an  action  for  malpractice,  the  burden  is  always  on  the  one 
alleging  it,  and  even  in  exceptional  cases,  where  a  prima  facie  case  is 
made  out  by  proof  of  the  operation  and  resultant  injur\%  the  doctrine 
of  res  ipsa  loquitur  does  not  relieve  plaintiff  of  the  burden  imposed  upon 
him  of  establishing  his  case  by  a  preponderance  of  the  e\idence.  .  . 
The  same  rule  should  apply  to  practitioners  using  the  j"-rays  as  is 
applied  to  other  practitioners."  Affirmed  on  substantially  the  same 
reasons  in  Supreme  Court  228  V,  S.  233.  It  is  said  by  the  Appellate 
Court  in  Virginia,  **The  result,  however  bad,  is  of  itself  alone 
insufficient  evidence  to  establish  the  unskilfulness  or  the  negligence 
of  a  physician  in  such  a  case,"  123  Va.  113—90  S.E.Rep.  360, 
Jour.  Am.  Med.  Assn.,  LXXII,  No.  15,  p.  1100,  in  affirming  a  judg- 
ment for  plaintiff  where  .r-rays  had  been  used  in  treatment  of  eczema. 
A  ruling  on  the  question  of  res  ii)sa  loquitur,  in  effect  contrary*  to  the 
weight  of  opinion,  is  given  by  the  Supreme  Court  of  Minnesota  in  the 
case  of  Minn.  159  X.W.Rep.1073,  Jour.  Am.  Med.  Assn.,  June  23, 1917, 
p.  1938.  This  is  a  jurisdiction  that  permits  the  jur\'  to  draw  an 
"inference  of  negligence"  in  such  cases.  The  Supreme  Court  affirmed 
a  judgment  for  ^2500  damages  in  favor  of  the  plaintiff  for  injuries 
alleged  to  have  been  caused  by  the  negligence  of  the  defendant,  a 
regularly  licensed  physician,  in  taking  a  roentgenogram.  The  court 
said  "  the  evidence  sustained  a  finding  that  the  injury  was  due  to  the 
ar-rays.  To  recover  damages  it  was  necessary  to  prove  negligence  on 
the  part  of  the  defendant.  There  was  little  direct  eWdence  of  negli- 
gence. The  plaintiff  claims  that  during  the  exposure  the  defendant 
made  some  exclamation  to  the  effect  that  the  machine  was  not  working 
right.  The  plaintiff  claims  that  the  exposure  was  unduly  long  but 
the  testimony  docs  not  strongly  support  such  claim.  The  plaintiff's 
expert  witness  stated  that  a  proper  application  of  the  rays  would  not 
have  produced  the  result  he  found.  The  evidence  is  that  with  a  proper 
machine  and  \nth  a  proper  use  of  it  a  *burn'  is  unusual.  There  is 
evidence  that  the  machine  was  a  proper  one.  The  machhie  and  its 
operation  were  wholly  under  the  control  of  the  defendant.  Under  such 
circumstances  the  rule  of  res  ipsa  loquitur  applies.  It  does  not  follow 
from  this,  as  the  plaintiff's  counsel  argues,  that  the  burden  shifted  to 
the  defendant  of  proving  freedom  from  negligence.  lies  ipm  loquitur, 
where  it  applies,  does  not  convert  the  defendant's  general  issue  into  an 
affirmative  defense.    The  res  ipm  loquitur  rule  merely  permits  the  jury 
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to  draw  an  inference  of  negligence  and  the  jury  is  to  consider  and  weigh 
the  inference  in  the  light  of  all  the  facts  and  circumstances  and  give  it 
such  weight  as  tending  to  prove  negligence  as  they  deem  is  entitled  to. 
It  does  not  follow  from  what  is  here  said  that  the  res  ijmi  loquitur 
doctrine  applies  to  a  bad  result  or  mishap  coming  from  a  physicii  n's 
treatment.  The  rule  does  not  apply  in  such  cases."  But  so  instruct- 
ing a  jury  cannot  but  be  very  advantageous  to  a  plaintiff. 

A  proper  degree  of  skill  and  diligence  is  conclusively  presumed  by 
some  courts  where  a  physician  has  sued  and  recovered  for  his  services. 
As  is  said  in  a  New  York  case,  "It  must  be  considered  as  settled  in 
this  State,  that  a  judgment  in  favor  of  a  physician  and  surgeon  for  his 
professional  services,  rendered  by  a  court  of  competent  jurisdiction, 
in  an  action  in  which  the  defendant  appeared  and  answered,  setting  up 
a  defense  which  he  maintained  at  the  trial,  or  in  an  action  in  which  he 
appeared  and  signed  and  filed  a  written  confession  of  judgment  for  the 
amount  of  the  serNnces,  is  a  bar  to  an  action  for  malpractice  by  that 
defendant  against  that  physician  and  surgeon  for  malpractice  in 
rendering  those  services,''  75  N.  Y.  150.  This  case  is  cited  in  175 
N.  Y.  229,  237,  **it  thus  became  a  case  in  which  two  claims  could  not 
coexist;  where  if  the  plaintiff  was  entitled  to  have  his  claim  allowed, 
the  defendant  would  be  precluded  from  recovery.*'  Also  cited  in  151 
N.  Y.  122,  127,  "the  estoppel  of  the  judgment  extends  to  every 
question  relating  to  the  parties  even  though  they  were  not  litigated 
or  considered  in  that  proceeding.''  But  it  is  said  in  21  U.  C.  L.  403, 
"that  the  weight  of  authority  is  contra  except  when  the  malpractice 
is  actually  set  up  and  litigated  in  the  action  for  services." 

Estoppel.— A  defense  in  the  nature  of  an  estoppel  may  be  used  where 
a  person  consults  a  physician  as  to  treatment  that  the  physician  be- 
lieves will  be  unsuccessful  or  will  leave  a  deformity  or  disfigurement  or 
other  serious  results,  and  he  so  informs  the  prospective  patient  and  is 
nevertheless  urged  to  give  the  treatment  and  there  is  no  lack  of  skill 
or  care  on  his  part;  he  should  not  then  be  held  liable  for  the  results. 
Of  course  this  would  not  excuse  an  operation  he  believes  would  kill  the 
patient,  nor  always  where  it  would  endanger  life.  An  authority  so 
holding  as  to  the  main  proposition  is  21  U.  C.  L.  403,  which  states 
"  If  a  patient  is  fully  cognizant  of  the  nature  of  the  specific  treatment 
which  he  is  about  to  get,  or  if  he  actually  directs  a  specific  act,  such  as 
an  operation  which  should  not  be  performed,  it  would  seem  that  he 
could  not  properly  complain  later  that  such  treatment  or  act  con- 
stituted malpractice  for  which  he  should  recover.  Here  it  would 
seem  that  he  has  sought  to  rely  upon  his  own  judgment  rather  than  on 
that  of  the  physician  and  can  complain  only  if  the  physician  negligently 
performed  the  act  or  treatment  that  the  patient  ordered,"  citing  68 
L.  R.  A.  432,  a  New  Hampshire  case. 

Waiver.— "Consent  of  the  patient  to  the  abandonment  of  the  case 
by  a  physician  may  be  a  defense  to  a  subsequent  action  for  malpractice," 
30Cyc.   1582. 
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Contributory  Negligence.— Contributory  negligence  on  the  part  of  the 
injured  patient  is  one  of  the  very  important  defenses.  When  the 
relationship  of  physician  and  patient  is  once  created  the  patient  owes  a 
duty  of  care  not  only  to  the  physician  but  to  himself.  As  a  general 
rule  the  patient  will  not  be  allowed  to  recover  from  the  physician  if  the 
latter  can  show  that  the  patient^s  negligence  contributed  to  the  injury 
simultaneously  with  the  physician's  negligence.  "It  is  the  duty  of  a 
patient  to  cooperate  with  his  physician  and  conform  to  the  necessary 
prescriptions  and  treatment,  and  follow  all  reasonable  instructions 
given.  Therefore  it  is  a  good  defense  to  an  action  for  malpractice, 
where  the  physician  or  surgeon  is  charged  with  negligence  or  the  non- 
observance  of  proper  care  or  the  want  of  skill  in  performing  the  services 
undertaken,  that  the  patient  was  guilty  of  negligence  at  the  time  which 
conduced  or  contributed  to  produce  the  injury  complained  of,"  30 
Cyc.  1580. 

Instances  of  contributory  negligence  would  be  where  the  patient 
fails  to  follow  instructions,  acts  in  a  manner  to  prevent  a  recovery, 
adopts  some  different  simultaneous  course  of  treatment,  fails  to  return 
for  treatment,  and  refuses  to  permit  proper  treatment  or  completion 
of  treatment.  In  92  Kan.  801,  an  action  against  a  physician  for 
malpractice  in  the  use  of  x-rays  for  diagnostic  purposes,  the  defen- 
dant claimed  that  the  damage  resulted  because  the  plaintiff  failed  to 
return  for  treatment  of  the  alleged  injury.  The  verdict  was  against 
the  defendant  in  the  lower  court.  The  appellate  court  decided  that 
"the  fact  that  a  patient  discharges  a  physician  or  quits  his  care  and 
employs  another  physician  is  not  in  itself  evidence  of  contributory 
negligence.  There  was  evidence  that  the  patient  had  continued  under 
the  professional  care  of  the  defendant  for  a  long  time  after  the  *burn' 
was  inflicted  and  that  it  grew  no  better  but  became  continually  worse.*' 

Antecedent  Condition.— Another  defense  would  be  that  of  the  antece- 
dent condition  of  the  patient  including  the  consideration  of  natural 
and  artificial  idiosyncrasies.  This  would  not  be  in  all  cases  a  complete 
defense  but  while  it  might  not  avoid  the  assessment  of  damages  it 
would  be  important  in  reducing  them  if  an  unfavorable  prior  condi- 
tion can  be  shown.  Usually  it  cannot  be  employed  to  prove  lack  of 
negligence. 

Idiosyncrasy  or  hypersensitiveness  to  ar-rays  is  a  defense  frequently 
employed  in  malpractice  suits  and  precedents  have  been  established. 
In  the  action  204  S.W.Uep.  450  Tex.,  the  plaintiff  patient  in  the 
district  court  alleged  negligence  on  the  part  of  the  defendant  physician 
in  the  application  of  the  o'-rays  in  the  treatment  of  eczema,  said  alleged 
negligence  resulting  in  "burning"  the  plaintiff.  The  plaintiff  alleged 
among  other  reasons  that  the  o^-rays  were  a  dangerous  agent;  that  they 
had  been  improperly  applied  by  the  defendant;  that  the  defendant  left 
the  room  during  the  treatments  whereas  he  should  have  remained.  The 
defendant  set  up  as  a  defense  that  the  injury  of  which  the  patient 
complained  was  caused  by  hypersensitiveness  of  the  plaintiff's  skin  to 
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the  eflFect  of  the  ar-rays,  and  that  he  could  not  have  discovered  this 
idiosyncrasy  prior  to  the  treatment.  Although  expert  witnesses  had 
testified  that  the  plaintiff's  skin  was  hypersensitive,  yet  the  judge  did 
not  instruct  the  jury  to  take  this  into  consideration.  The  verdict  was 
for  the  plaintiff  in  the  sum  of  $2500.  The  defendant  appealed,  his 
main  ground  of  appeal  being  the  fact  that  the  judge  in  the  lower  court 
refused  to  instruct  the  jury  that  idiosyncrasy  was  a  defense.  The 
appellate  court  ruled;  '*  the  defense  of  the  defendant,  i,  e,,  that  hyper- 
sensitiveness  of  the  skin  of  the  plaintiff  to  the  a;-rays  was  the  proximate 
cause  of  the  injury,  was  both  pleaded  and  supported  by  evidence.  A 
physician  is  not  required  to  take  precaution  against  a  peculiar  tempera- 
ment or  abnormal  idiosyncrasy  of  which  he  has  no  knowledge  and  for 
detecting  which  there  is  no  means.  The  evidence  shows  that  the 
defendant  did  not  know  of  the  plaintiff's  hypersensitiveness  and  that 
there  is  no  way  to  ascertain  such  a  peculiarity  prior  to  treatment. 
The  testimony  of  the  defendant's  expert  witnesses  as  well  as  the 
testimony  of  the  plaintiff's  own  expert  witness,  is  sufficient  to  authorize 
a  finding  by  the  jury  that  the  plaintiff  did  have  a  hypersensitive  skin 
and  that  this  peculiarity  was  the  proximate  cause  of  the  injury.  We 
think  that  the  jury  should  have  been  instructed,  that  if  they  believed 
that  the  proximate  cause  of  the  plaintiff's  injury  was  his  abnormal 
hypersensitiveness  but  for  which  the  injury  would  not  have  occurred, 
then  the  verdict  should  be  for  the  defendant.  Judgment  of  the  lower 
court  reversed  and  case  remanded." 

It  would  appear  as  though  the  question  of  idiosyncrasy  might  enter 
a  case  on  both  sides  .  .  .  that  it  might  be  used  both  by  the  plaintiff 
and  by  the  defendant.  It  would  be  of  advantage  to  the  plaintiff  if  and 
when  such  a  peculiarity  could  be  detected  by  due  care  and  skill.  There 
is  likely  to  be  a  dispute  between  the  expert  witnesses  for  the  defendant 
and  those  of  the  plaintiff  relative  to  the  possibility  of  idiosyncrasy  and 
its  discovery  before  or  during  treatment.  It  rests  with  the  jury  to 
decide  whether  or  not  the  defendant  possessed  knowledge  relative  to  the 
possibility  of  idiosyncrasy  and  whether  or  not  he  used  due  care  and  skill 
in  the  light  of  such  knowledge.  In  the  case  of  91  Minn.  219,  97 
N.W.Rep.  882,  the  defendant  conceded  that  the  a:-rays  frequently 
"burned"  the  body  of  a  patient,  but  that  some  persons  are  not  sus- 
ceptible to  its  influence  while  others  are  and  that  it  is  impossible  to 
determine  in  advance  who  are  and  who  are  not  susceptible  to  injurious 
effects.  On  appeal  the  Supreme  Court  ruled:  "that  such  were  ques- 
tions of  fact  for  the  jury  to  determine." 

Mitigation  Defenses.— It  is  always  important  and  proper  to  bring  to 
the  attention  of  the  court  and  jury  relevant  evidence  bearing  on 
matters  not  in  themselves  complete  defenses  because  of  difficulty  of 
proof  of  proper  skill  and  care  or  for  other  reasons,  but  tending  to 
mitigate  the  damages.  The  agreement  of  a  patient  not  to  hold  the 
physician  liable,  the  consent  to  dangerous  or  uncertain  treatment,  or 
inducing  treatment  by  persistent  coaxing,  would  be  examples  that 
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often  could  be  advantageously  presented.  Also  the  negligence  of  the 
patient  after  negligence  or  want  of  skill  by  the  physician,  aggravation 
by  the  patient  oif  the  injury  or  condition,  no  attempt  to  cure  or  improve 
the  same,  or  negligence  or  want  of  skill  of  another  doctor,  imi)rovenient 
or  entire  recovery  at  time  of  the  trial,  and  no  permanent  injury,  are 
important  points  to  be  made  use  of  in  proper  cases.  **  If  any  act  of  the 
patient  had  been  shown  by  the  evidence  to  have  caused  an  aggravation 
of  the  injury,  such  evidence  would  probably  have  been  pertinent  in 
mitigation  of  damages,  but  the  mere  fact  of  the  change  of  physicians 
does  not  raise  the  presumption  that  damages  were  increased  thereby/' 
92  Kan.  801.  *'If  a  patient  should  disobey  the  instructions  of  a 
physician  and  such  disobedience  should  serve  merely  to  enhance  or 
aggravate  the  injury  caused  by  the  physician  originally,  then  the 
amount  of  damages  recoverable  would  be  reduced,*'  21  U.(\L.  402. 
In  the  action  49  Wash.  557,  the  plaintiff,  suffering  from  an  "ailment 
of  the  foot,"  consulted  the  defendant  who  prescribed  and  administered 
a:-ray  treatment  for  the  same.  After  daily  treatment  for  about  two 
weeks  the  foot  began  to  swell,  itch  and  burn.  Further  treatment 
resulted  in  a  *'burn."  The  plaintiff  alleged  that  the  foot  was  per- 
manently injured,  that  she  would  be  a  cripple  for  life  and  that  amputa- 
tion might  be  necessary.  The  negligence  charged  was  that  the  defen- 
dant failed  to  properly  protect  the  foot  from  the  a*-rays,  that  he  failed 
to  discontinue  the  treatment  when  he  should  have  done  so,  and  im- 
proper position  of  the  apparatus.  There  was  testimony  to  the  effect 
that  there  was  an  J*-ray  "burn"  of  the  "fourth"  degree  and  that  such 
an  injury  is  generally  incurable.  There  was  a  dispute  as  to  whether 
or  not  the  treatment  and  technic  were  correct.  The  defendant  set  up 
as  defenses,  that  the  injury  was  due  largely  if  not  entirely  to  an  oint- 
ment which  spread  from  the  afll'ected  part  to  other  parts  of  the  foot, 
because  the  plaintiff  had  used  her  foot  contrary  to  instructions,  that 
there  was  no  a:-ray  "burn,"  that  the  treatment  was  proper,  and  that 
the  foot  was  cured  at  the  time  of  trial ;  furthermore,  that  the  x-rays 
were  a  c*omparatively  new  discovery  and  were  not  well  understood  by 
physicians  and  surgeons  in  such  communities  as  where  applied.  The 
lower  court  instructed  the  jury  that  "if  the  plaintiff  quit  treatment 
before  the  defendant  was  willing  that  she  should  do  so  and  that  if  any 
evil  result  came  from  such  action  on  the  plaintiff's  part,  then  the 
plaintifl*  should  not  recover."  Also,  "  that  if  the  plaintiff  did  not  follow 
with  proper  care  and  diligence,  the  defendant's  instructions  as  to  how 
she  should  act  and  as  to  how  she  should  treat  and  care  for  her  foot  and 
any  injury  to  her  foot  resulted  therefrom,  the  plaintiff  should  not 
recover."  The  verdict  in  the  lower  court  was  for  the  defendant. 
The  plaintiff  appealed.  The  Supreme  Court  held  on  appeal;  "the 
instruction  to  the  jury  was  erroneous.  It  would  be  a  harsh  doctrine 
to  say  that  if  a  patient  by  a  subsequent  or  independent  negligent  act 
increases  or  augments  the  injury  caused  by  a  negligent  or  incompetent 
physician,  that  then  she  cannot  recover.    Such  is  not  the  law.     It 
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is  proper  that  such  aggravation  on  the  part  of  a  patient  may  be  shown 
in  mitigation  of  daniages  but  it  does  not  relieve  against  the  primary 
liabilitv.  The  court  cited  as  supporting  this  opinion  (S(i  Pa.  St.  297;  40 
Ore.  424;  75N.Y.  12;  13nN.Y.325;  :^9  Vt.  447.  The  court  further 
held  that  if  it  should  appear  that  a  physician  was  ignorant  of  the  effect 
of  x-ray  exposures  the  jury  might  well  conclude  that  the  use  of  such  a 
dangerous  agency  by  one  having  little  or  no  knowledge  as  to  the 
probable  consequences  was  negligence  per  se;  it  reversed  the  judgment 
and  sent  the  case  back  for  a  new  trial.  In  an  action  for  damages 
alleged  to  have  resulted  from  ar-rays  used  to  remove  hair  from  the  face, 
a  judge  of  the  New  York  Supreme  Court  instructed  the  jury  that  it 
might,  in  considering  damages  if  any,  take  into  consideration  the 
apj)earance  of  the  plaintiff's  face  before  treatment  (cosmetic  disfigure- 
ment of  hypertrichosis)  and  her  desire  to  have  it  removed. 

TRIAL. 

The  suit  will  ordinarily  be  tried  by  judge  and  jury. 

The  judge  generally  speakii^g  rules  on  the  law  and  on  the  admission 
or  rejection  of  evidence;  he  charges  and  instructs  the  jury  on  the  law 
and  may  give  a  synopsis  of  the  case  made  out  by  each  side. 

If  there  is  any  doubt  or  dispute  as  to  the  facts,  in  issue,  the  case  goes 
to  the  jury  to  decide  the  facts. 

The  judge  can  sometimes  order  a  new  trial,  set  aside  the  verdict  or 
reduce  a  verdict. 

Either  side  can  appeal. 

The  appellate  court  may  affirm  or  reverse  the  lower  court;  it  may 
send  the  case  back  for  a  new  trial;  only  the  lawyers  appear  in  this 
court. 

In  the  large  cities  such  cases  often  take  one  or  more  years  to  be 
reached  after  listing. 

CONCLUSION. 

Need  more  be  said  as  to  thorough  preparation  for  trial?  With  so 
many  points  to  be  considered  all  available  time  should  be  devoted  to 
getting  them  in  shape  to  present  once  and  for  all  everything  favorable. 
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Absorption  of  x-rays  by  matter,  152 
Acanthosis  nigricans,  z-ray  treatment  of, 

483 
Accumulation  as  an  idiosyncratic  factor, 

263 
Accumulative  effect  of  irradiation,  270 
Acne  cachecticorum,  treatment  of,  with 
x-rays,  321 
keloid.     See    Dermatitis    papillaris 

capillitii. 
rosacea^  treatment  of,  with  x-rays 

and  radium,  313 
varioliformis,    treatment    of,    with 

x-rays  and  radium^  315 
vulgaris,  advantages  of  x-ray  treat- 
ment of,  306 
combination  of  x-rays  and  topi- 
cal  remedies   in    the    treat- 
ment of,  309 
dangers  in  the  x-ray  treatment 

of,  312 
explanation  of  action  of  x-rays 

and  radium  on,  278 
filtered  x-rays  in  the  treatment 

of,  313 
indications  for  x-ray  treatment 

of,  307 
recurrences   after  x-ray    treat- 
ment of,  309 
technic  of  x-ray  treatment  of, 

310 
treatment  of  different  types  of, 
304 
with  radium,  313 
with  x-rays,  304 
Acnitis,  x-ray  treatment  of,  466 
Accjuired  resistance,  282 
Acrodermatitis,  x-ray  treatment  of,  553 
Actinium,  46 

Actinomycosis,   explanation   of  irradia- 
tion effects  on,  278 
x-ray  and   radium  treatment  of, 
352 
Active  deposits  from  radium.     See  Rad- 
ium. 
Activity  of  radioactive  elements,  defini- 
tion of,  44 
Addison's  disease,  x-ray  treatment  of,  550 
Adenitis,  tuberculous,  radium  treatment 
of,  462 


Adenitis,  tuberculous,  results  of  irradi- 
ation of,  460 
technic  for  x-ray  treatment  of, 
462 
Adenoma  sebaceum,  radium  and  x-ray 

treatment  of,  495 
Ape  as  an  idiasyncratic  factor,  259 
Air-cooled  tubes,  83 

Alopecia,  permanent,  due  to  x-rays  or 
radium,  treatment  of,  236 
treatment  of,  with  x-rays,  410 
Alpha  rays,  absorption  of,  by  matter,  48 
photographic,  ionizing  and  flu- 
orescent properties  of,  48 
physics  of  the,  48 
velocity  of  the,  48 
Alternating  current  supply,  53 
Aluminium,  absence  of  secondary  radia- 
tions from,  157,  197 
absorption  of  x-rays  by,  41,  152 
used  as  filter  for  x-rays,  154 
Ammeter,  description  of,  105 
Anatomical  tubercle.    See  Tuberculosis 

verrucosa  cutis. 
Anemia  as  a  factor  in  radiosensitiveness, 

270 
Angiolymphangioma,  radium  treatment 

of,  492 
Angioma,  cavernous,  x-ray  and  radium 
treatment  of,  488 
nevus  flammeus  (port-wine  mark), 
x-ray  and  radium  treatment 
of,  486 
vasculosus    (strawberry-mark ) , 
x-ray  and  radium  treatment 
of,  486 
spider  nevus,    treatment  of,    with 

radium,  495 
types  of,  in  relation  to  results  of 
irradiation,  485 
Anode,  description  of,  for  gas  tubes,  82 
Anticathode,  discovery  of,  19 
focal  point  of,  83 
for  gas  tubes,  description  of,  83 
metals  suitable  for,  83 
of  Coolidge  tube,  86 
Appendages,  diseases  of,  explanation  of 

irradiation  effects  on,  279 
Applicator  of  dental  compound  contain- 
ing tubes  of  radium  element,  193 
flat,  composed  of  tubes  containing 
radium  element,  193 
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Applicator,  glazed,  189 

needle,  containing  radium  element, 

194 
radium,  phenomenon  of,  167 
toile,  191 
tubular,  containing  emanation,  179 

radium  element,  192 
varnished,  189 
Applicators  containing  radium  element, 
186 
emanation,  description  of,  178 

made  of  dental  compound,  181 
flat,  containing  emanation,  183 
radium  element,  189 
needle,  containing  emanation,  179 
standardization  of,  190 

dosage,  197 
testing  of,  by  Government,  186 
Arithmetical    computation    of    x-rays, 

filtered,  165 
dosage,  unfiltered,  135 
Atoms,  construction  of,  26 
Atrophy  as  a  sequel  to  radiodermatitis, 
222 
due  to  irradiation,  treatment  of,  236 
Autotransformer,   comparison   of,   with 
rheostat,  68,  98 
description  and  use  of,  66 
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Bacteria,  effect  of  x-rays  and  radium, 

on,  202,  273 
Bacterial  diseases,  explanation  of  effects 

of  x-rays  and  radium  on,  273 
Barium  platinocyanide,  color  of,  changed 

by  x-rays,  117 
Basal-cell  epithelioma.   See  Epithelioma. 
Bauer  qualimeter,  description  and  use  of, 

110 
Bazin's  disease.    See  Erythema  indura- 

tum. 
Bedside  unit,  characteristics  of,  96 

description  of,  69 
Benign  cystic  epithelioma.    See  Epithe- 
lioma. 
Benoist  radiochromometer,  comparison 
of,  with  spark  gap,  109 
description  and  use  of,  108 
Beta  rays,  absorption  of,  by  aluminium, 

49 
and  human  tissue,  195 
comparison   of,    with    cathode 

rays,  49 
photographic,  ionizing  and  flu- 
orescent properties  of,  49 
physics  of,  49 

radiodermatitis  caused  by,  228 
velocity  of,  49 
Biochemical  action  of  x-rays  and  radium, 

202 
Biological  explanation  of  effect  of  x-rays 
una  radium,  205 


Blastomycosis,  explanation   of  irradia- 
tion effects  on,  278 
x-ray  and  radium  treatment  of,  354 

Blood  and  hematopoietic  system,  effect 
of  x-rays  and  radium  on,  209 

Bloodvessels,  changes  in,  following  irra- 
diation, 248,  250,  255 

Boils.    See  Furunculus. 

Booster,  98 

Bromidrosis,  x-ray  treatment  of,  408 

Burn,    x-ray    or   radium.    See    Radio- 
dermatitis. 


Callositas,  danger  of  combining  caus- 
tics with  irradiation  in  the  treat- 
ment of,  474 
explanation  of  irradiation  effects  on, 

176 
filtered  x-rays  in  treatment  of,  475 
radium  treatment  of,  476 
results  of  irradiation  of,  474 
technic  for  x-ray  treatment  of,  474 
Canal  rays,  3Z,  33 

Cancer.    See  Epithelioma  and  Sarcoma, 
en  cuirasse,  x-ray  treatment  of,  544 
Catarrh,  vernal,  x-ray  and  radium  treat- 
ment of,  553 
Cathode  of  Coolidge  tube,  86 

for  gas  tubes,  description  of,  83 
rays,  comparison  with  beta  rays,  32 
fluorescence  caused  by,  32 
ionization  properties  of,  32 
penetration  of  matter  by,  32 
photographic  action  of,  32 
physics  of,  32 
velocity  of,  32 
Cavernous  angioma.    See  Angioma. 
Characteristic  secondary  rays,  37 
Cheilitis  exfoHativa,  x-ray  treatment  of, 
409 
glandularis,  x-ray  treatment  of,  409 
Cheiro-pompholyx.     See  Pompholyx. 
Chemical  action  of  x-rays  and  radium, 

202 
Choke  coil,  91 
Chromatin  hyixjthesis,  206 
Chromoradiometer,  117 
Circulation  as  an  idiosyncratic  factor,260 
differences  in  radiosensitiveness  due 
to,  270 
Closed  magnetic  circuit,  63 
Coil,  induction,  or  Ruhmkorff.    See  In- 
duction coil. 
Color  bhndness,   effect  of,   on   pastille 

reading,  134 
Comedo,  treatment  of,  with  x-rays,  304 
Commutator,  64 
Concave  surfaces,   treatment   of,   with 

radium,  200 
Condenser,  56 

Condyloma   acuminatum,   x-ray   treat- 
ment of,  473 
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Congestion  as  a  factor  in  radiosensi- 

tiveness,  270 
Connective  tissue.     See  Denna. 
Constants,  technical,  met  hod  of  i»stal)lish- 

ing,  143 
Convex  and  concave  surfaces,  treatment 
of,  with  a:-rays,  292 
surfaces,  treatment  of,  with  radium 
200 
Coolidge  filament  current,  regulation  of, 

90 
step-down  transformer  for, 

90 
storage  battery  for,  86 
tul>e,  anticathode  of,  86 

breaking  of  target  of,  96 
cathode  of,  86 
characteristics  of,  94 
description  of.  85 
electron  supply  of,  33 
physics  of,  31,  33 
radiator  type,  description  of,  91 
saturation  current  of,  95 
self-rectifying,  characteristics  of , 
96 
Corbett  radiometer,  description  and  use 

of,  123 
Cornell  tube,  20 
Corns,  explanation  of  effect  of  a:-rays  and 

radium  on,  276 
Corpuscular  secondary  rays,  38 
Cox  radiometer,  description  of,  125 
Crooke's  tube,  17 
Cross-fire,  explanation  of,  295 

in  radium  therapy,  199 
Cryptoradiometer,  description  of,  110 
Curie,  unit  of  measurement,  176 
Current,  electric,  electron  theory  of,  29 

supply,  53 
Currents,  curect  and  alternating,  53 


Darier's  disease.    See  Keratosis  follic- 

ularis. 
Degeneration  due  to  x-rays  and  radium. 

See  Patholog>'. 
Depigmentation   as  a  sequel  of   radio- 
dermatitis,  223 
treatment  of,  234 
Derma,  pathological  histology  of,  after 

irradiation,  238,  239,  241,  244,  248 
Dennatitis   exfoliativa,    explanation   of 
irradiation  effects  on,  277 
x-ray  treatment  of,  386 
herpetiformis,  x-ray  treatment  of, 

551 
infectious  eczema toid,  as  a  compli- 
cation of  radiodermati- 
tis,  221 
result  of  irradiation  of,  362 
technic  for  x-ray  treatment 

of,  362 
x-ray  treatment  of,  361 


Dennatitis,  occupational.    See  Derma- 
titis venenata, 
papillaris  capillitii,  x-ray  and  radium 

treatment  of,  502 
seborrheica    capitis,    x-rav     treat- 
ment of,  369 
conception  of,  369 
corporis,  x-ray  treatment  of,  369 
vegetans,  treatment  of,  with  x-rays, 

321 
venenata,  results  of  x-ray  treatment 

of,  361 
on  different  tvpes 
of,  360 
x-ray  treatment  of,  359 
technic  of,  361 
x-ray  or  radium.     See  Radioderma- 
matitis. 
Dermatologist  and  radiologist,  301 
Digestive  organs,  action  of  x-ra>'s  and 

radium  on,  212 
Direct  and  oblique  rays,  290 
current  supply,  53 
technic,  description  of,  and  methods 
used  for,  14i6.    See  Technic. 
Diseases  due  to  fungi,  treatment  of,  with 
x-rays  and  radium,  323 
to  pyogenic  organisms,   treat- 
ment   of    with    x-rajrs    and 
radium,  304 
Distance  as  a  factor  in  radium  therapy, 
198 
errors  made  in  estimation  of,  298 
half  and  skin,  explanation  and  com- 
parison of,  148 
focal,  121 
importance  of  in  indirect  technic, 

135 
method  of  measuring  and  maintain- 
ing, 145 
Dosage,  arithmetical  computation  of,  un- 
filtered,  135 
below  the  surface,  filtration  an  aid 

to,  155 
errors  of  distance  in  estimating,  298 
estimation   of,  below   the  surface, 

165 
for  filtered  x-rays,  methods  of  ob- 
taining, 157 
general  consideration  of,  284 
margin  of  safety  in,  150 
of  radium  emanation,  183 

estimation  of,  below  the  sur- 
face, 199 
standardization  of,  with  radium  ap- 
plicators, 197 
Dose  chart  for  filtered  x-rays,  160 
for  unfiltered  x-rays,  144 
erythema,  standardization  of,  285 

with  filtered  x-rays,  159 
estimation  of,  below  the  surface,  295 
intensive,     massive,     hypertensive, 
fractional,  etc.,  286 
Dr>Tiess,  excessive,  produced  by  x-ray's, 
406 
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Dye  dermatitis.    Se^  Dermatitis  vene- 
nata. 
Dysidrosis.     See  Pompholyx. 


Eczema  an  a  complication  of  radioder- 
matitis,  220 
effect  of  irradiation  in  relation  to 

eruptive  types  of,  373 
erythematosum,  x-ray  treatment  of, 

373 
explanation  of  irradiation  effects  on, 

276 
exudativum,  x-ray  and  radium  treat- 
ment of,  373 
of  face,  x-ray  and  radium  treatment 

of,  371 
filtered  x-rays  in  treatment  of,  376 
general    technical    suggestions    for 
x-ray  and  radium  treatment  of, 
376 
of  hands  and  feet,  x-ray  treatment 

of,  372 
historical  sketch  of  x-ray  treatment 

of,  357 
infantile,  x-ray  treatment  of,  367 
intertrigo,  x-ray  treatment  of,  370 
of  legs,  x-ray  treatment  of,  372 
lichenified.    See  Neurodermatitis, 
marginatum,  x-ray  and  radium  treat- 
ment of,  365 
modern  conception  of,  358 
of  nails,  x-ray  and  radium  treatment 

of,  373 
of  nipple  and  breast  of  women,  x-ray 

and  radium  treatment  of,  372 
nucha;.     See  Neurodermatitis, 
occupational,   x-ray   treatment   of, 

359 
pustulosum,  x-ray  and  radium  treat- 
ment of,  373 
radium  treatment  of,  376 
regional,  x-ray  treatment  of,  371 
of  scrotum,  x-ray  and  radium  treat- 
ment of,  371 
seborrheicum  capitis,   x-ray   treat- 
ment of,  369 
conception  of,  368 
corporis,  x-ray  treatment  of,  369 
of  scalp,  x-ray  treatment  of,  371 
s(iuamosum,  x-ray  and  radium  treat- 
ment of,  373 
value  of  irradiation  in,  373 
vesiculosum,  x-ray  and  radium  treat- 
ment of,  373 
Eczematized   ringworm,    radium    treat- 
ment of,  364 
result  of  treatment  in  relation 

to  type  of,  363 
technic  for  x-rav  treatment  of, 
364 
Elastic  tissue,  changes  in,  following  irra- 
diation, 256 


Electric  current,  electron  theory  of,  29 
for  x-ray  work,  53 
erythema,  214 
power,  30 
resistance,  30 
Electrical  shock,  prevention  of,  101 
Electricity,  electronic  theory  of,  27 
Electrolytic  interrupter,  56 
Electromagnetic  waves,  description  of,  27 

length  of,  36 
Electromotive  force,  30 
Electron  theory  of  matter,  26 
Electrons,  size  and  velocity  of,  26 
source  of,  in  x-ray  tubes,  33 
x-rays  produced  by,  35 
Electroscope,  description  of,  29 

measurement  of  radium  with,  175 
Elephantiasis,  x-ray  treatment  of,  555 
Emanation,  activity  of,  174 

appUcators.    See  also  Applicators, 
description  of,  179 
flat,  183 
collection  of,  168 
dosage,  183 
measurement  of,  175 
physics  of,  51 

therapy,  comparison  of,  with  radium 
therapy,  177 
reasons  for,  177 
technic  and  description  of,  176 
tubes,  181 
unit  of,  176 
Embryological  evolution,  effect  of  x-rays 

and  radium  on.  204 
Enzymatic  hypothesis,  206 
Enzymes,  alteration  of,  by  x-rays  and 

radium,  202 
Epidermis,    pathological    histology    of, 

after  irradiation,  237,  241,  244,  254 
Epidermolysis  bullosa  hereditaria,  x-ray 

treatment  of,  551 
Epithelioma,  acquired  resistance  in,  210, 
282 
basal-cell,  age  as  a  factor  in  irradia- 
tion results,  525 
causes  of  failure  of  irradiation 

of,  536 
cells  of,  resistant  to  irradiation, 

536 
comments  on  statistics  of  x-ray 

treatment  of,  527 
comi)arison  of  methods  of  treat- 
ment of,  528 
of  x-rays  and  radium  in  the 
treatment  of,  538 
cosmetic  results  of  x-ray  treat- 
ment of,  531 
effect  of  irradiation  with  and 
without  curettage,  518 
of  location  on  irradiation 

of,  521 
of  previous    treatment   of 
on  irradiation  effects,  516 
escai)e  of  lower  strata  of  cells, 
536 
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Epithelioma,   basal-oell,  escape  of  peri- 
pheral cells  of,  537 
failure  of  x-rays  and  radium  in 

cases  of,  533 
filtered  x-rays  in  treatment  of, 

535 
historical  sketch  of  x-ray  treat- 
ment of,  511 
inadequate  dosage  as  cause  of 
failure  in  treatment  of, 
537 
observation  a  cause  of  fail- 
ure in  treatment  of,  537 
intensive  versus  fractional  treat- 
ment of,  534 
late  recurrences  of,  after  irradi- 
ation, 515 
limit  of  irradiation  in,  533 
method  of  election  for  treat- 
ment of,  529 
personal    statistics    of    x-ray 

treatment  of,  511 
preliminary  curettage  in,  535 
prognosis  affected  by  previous 

treatment  of,  533 
quality  of  radiation  suitable  for, 

535 
radium  treatment  of,  538 
recalcitrant,  531 
recurrences  of,  after  irradiation. 

513 
requisites  for  successful  treat- 
ment of,  529 
result  of  irradiation  in  relation 
•  to  degree  of    reac- 
tion, 525 
to  number  of    treat- 
ments, 517 
on    various  clinical  types 
of,  522 
obtained  with  filtered  and  un- 

filt«red  radiation,  517 
sex  as  a  factor  in  irradiation 

results,  525 
statistics  of  radium  treatment 
ment  of,  527 
of  x-ray  treatment  of,  from 
the  literature,  525 
technic  for  treatment  of,  when 

situated  on  eyelid,  536 
treatment  of  recurrences  of ,  516 
x-ray  dosage  for,  536 
l)enign  cystic,  irradiation  of,  507 
explanation  of  irradiation  effects  on, 

280 
lenticular  (cancer  en  cuirasse),  x-ray 

treatment  of,  545 
lethal  dose  for,  281 
prickle-cell,  combined  treatment  of, 
542 
comparison  of  surgical  and  ir- 
radiation results,  542 
curettage  and  irradiation  of,545 
irradiation  of  neighboring  lym- 
phatics, 540 


Epithelioma,  prickle-oell,  occurrence  of 
metastasis  in,  538 
postoperative     irradiation     in 

treatment  of,  542 
preliminary  irradiation  in  sur- 
gical treatment  of,  542 
requirements      for      successful 

treatment  of,   538 
results  to  be  expected  with  irra- 
diation of,  540 
technic  for  x-ray  and  radium 

treatment  of,  543 
x-ray  and  radium  statistics  from 
the  literature,  541 
secondary,  x-ray  and  radium  treat- 
ment of,  545  ' 
squamous-cell,   538.      See    Epithe- 
lioma, prickle-cell, 
stimulation  of,  by  x-rays  and  rad- 
ium, 269 
treatment  of,  by  generaUzed  roent- 

genization,  210 
tricho,  irradiation  of,  507 
variations  in  radiosensitiveness  of, 

280 
x-ray  production  of,  225 
Equations,  use  of,  in  indirect  technic,  137 
Equipment   advisable   for   radium   and 

roentgen  therapy,  302 
Erysipelas.    Se^  Lymphangitis. 
Erythema  dose  for  filtered  x-rays,  159 
standardization  of,  285 
electric,  214 
elevatum  diutinum,  irradiation  of, 

467 
induratum,  x-ray  and  radium  treat- 
ment of,  463 
Erythroderma.    See    Granuloma     fun- 

goides  and  Dermatitis  exfoliativa. 
Erythrodermie  pityriasique  en  plaques 

disseminees.     See  Parapsoriasis. 
!  Eye,  effect  of  x-rays  and  radium  on,  211 


Factors,  technical,  method  of  establish- 
,  ing,  143 

Favus  of  the  glabrous  skin,  x-ray  treat- 
ment of,  344 
of  the  nails.     See  Onychomycosis, 
of  the  scalp,  preparation  of  patient 
for  x-ray  treatment,  of,  346 
radium  treatment  of,  344 
sequelae  of,  346 
x-ray  treatment  of,  344 
t€chnic  of,  346 
Fibroma,     explanation     of     irradiation 
effects  on,  280 
irradiation  of,  507 
Fibrosarcoma.    Se^  Sarcoma. 
Filter, composition  of,  in  radium  therapv, 
197 
in  roentgen  therapy,  153 
(X)sition  of,  157 
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filter,  secondary  rays  from,  157 

thickness  of,  for  radium  therapy,  195 
for  x-ray  therapy,  156 
filtered  gamma  and  beta  rays,  radio- 
dermatitis  caused  by,  228 
rays  versus  unfiltered  rays,  295 
x-rays,  comparison  of  effects  of,  with 
those  of  unfiltered  rays,  295 
dosage  of,  157 
radiodcrmatitis  due  to,  227 
Filters,  choice  of,  153 
Filtration  as  an  idiosyncratic  factor,  264 
definition  of,  153 
in  emanation  therapy,  178 
object  and  use  of,  in  radium  ther- 
apy, 195 
in  roentgen   therapy,  154, 
295 
in  radium  therapy,  194 
in  superficial  therapy,  156 
wave  lengths  suitable  for,  157 
Flat  surfaces,  radium  treatment  of,  200 
Flexible  protecting  material,  102 
Fluoroscopy,  birth  of,  19 
Folliclis,  x-ray  treatment  of,  466 
Folliculitis     decalvans,     treatment     of 

with  x-rays,  321 
Fordyce's  disease,  radium  treatment  of, 

555 
Fractional  dose,  286 

versus  intensive  treatment,  287 
Furunculus,  treatment  of,  with  x-rays 
and  radium,  319 


Galvanometers,  105 
Gamma  rays,  absorption  of,  by  matter,  50 
by  metal  and  human  tis- 
sue, 195 
by  tissue,  199 
comparison  of,  with  x-rays,  49 
origin  of,  48 
penetrability  of,  49 
photographic,  ionizing  and  flu- 
orescent properties  of,  49 
physics  of,  49 

radiodermatitis  caused  by,  228 
Gangosa,  suggested  irradiation  of,  509 
Gas  tuljes,  characteristics  of,  93 
cranky,  94 
description  of^  82 
hard  and  soft,  94 
physics  of,  31,  33 
source  of  electrons  in,  33 
Geissler  tube,  17 

Granuloma    annulare,    explanation    of 
irradiation  effects  on,  278 
x-ray  treatment  of,  466 
fungoide^,  acquired  resistance  in,282 
effect  of  irradiation  on  prog- 
nosis of,  427 
on  symptomatology'  of, 
429 


Granuloma  fungoides,  historical  sketch 
of  x-ray  treatment  of,  425 

filtered  x-rays  in  treatment  of, 
439 

possible  injurious  results  from 
irradiation  of,  432 

radiosensitiveness  of  lesions  of, 
439 

radium  treatment  of,  439 

results  of  irradiation  in  relation 
to  clinical  types  of,  427 

systemic  reactions  after  irradia- 
tion of,  435 

technic  for  x-ray  treatment  of, 
438 
Granulosis  rubra  nasi,  x-ray  treatment 
of,  409 


Hair,   defluvium  of,   with  x-rays  and 
radium,  224 
stimulation  of,  by  x-rays,  410 
and  radium,  269 
dye    dermatitis.    See    Dermatitis 

venenata, 
follicles,  pathological  histology  of, 

after  irradiation,  238,  255 
superfluous.    See  Hypertrichosis. 
Hairy  nevus.    See  Nevus  pilosus. 
Hammer  break  interrupter,  56 
Hampson  radiometer,  (description  of,  122 
Hemangioma,  radium  treatment  of,  492 
Hematopoietic  system,  effect  of  x-rays 

and  radium  on,  209 
Herpes  simplex,  x-ray  treatment  of,  552 
zoster,  x-rays  and  radium  in  the 
treatment  of,  552 
High-tension  wiring,  74 
Hirsuties.     See  Hypertrichosis. 
Histological  study  of  action  of  x-rays  and 

radium.     See  Pathology. 
History  cards,  examples  and  importance 

of,  151.     See  Medico-legal. 
Hodgkin's  disease,  explanation  of  irra- 
diation effect  on,  278 
x-ray  and  radium  treatment  of, 
440 
Holzknecht  chromoradiometer,  117 
radiometer,  description  of,  118 

use  of,  121 
units,  comparison  of,  with  Kienl>6ck 
units,   138 
value  of,  121 
Hydrocystoma,  x-ray  treatment  of,  409 
Hydrogen  tube,  84 

Hyperidrosis  of  axilla*,  x-ray  treatment 
of,  407 
excessive  dryness  caused  by  x-ray 

treatment  of,  406 
explanation  of  irradiation  effects  on, 

279 
of  face,  x-ray  treatment  of,  405 
of  feet,  x-ray  treatment  of,  408 
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Hyperidrosis,   filtered    x-rays    in  treat- 
ment of,  408 

of    palms,    Pine's    apparatus    for 
treatment  of,  407 
x-ray  treatment  of,  407 

radium  treatment  of,  408 

regional,  treatment  of,  with  x-rays 
and  radium,  406 

of  scalp,  x-ray  treatment  of,  405 

x-ray  dosage  for,  406 
Hyperintensive  dose,  286 
Hypersusceptibility  to  x-rays  and  rad- 
ium.    See  Idiosyncrasy. 
Hypertrichosis,    attitude    of    physician 
toward  patient  afflicted  with,  419 

of  axillse,  technic  for  x-ray  treat- 
ment of,  422 

of  body,  x-ray  treatment  of,  421 

comparison  of  electrolysis  and  irra- 
diation in  treatment  of,  416 

danger  signs  in  x-ray  treatment  of, 
422 

of  extremities,    technic   for    x-ray  i 
treatment  of,  422  | 

of   face,    technic   for  x-ray   treat- ! 
ment  of,  422 

filtered  x-rays  in  treatment  of,  423 

fractional  technic  in  treatment  of, 
421 

historical  sketch  of  x-ray  treatment 
of,  413 

intensive  technic  in  treatment  of ,421 

medico-legal  aspects  in  x-ray  treat- 
ment of,  419.     See  Medico-legal. 

modern  opinion  of  value  of  x-ray 
treatment  of,  413 

object  of  treatment  of,  416 

radium  treatment  of,  423 

removal  of  hair  with  radium  and 
x-rays  in  plastic  surgery,  421 

results  obtainable  with  x-ray  treat- 
ment of,  418 

semi-intensive  technic  in  treatment 
of,  421 


IcHTHYOHis,  X-ray  treatment  of,  493 
Idiosyncrasy,  accumulation  as  a  factor 
in,  263 
age  as  a  factor  in,  259 
anemia  and  congestion  as  factors  in, 

270 
as  a  medico-legal  factor.     See  Medi- 
co-legal, 
circulation  as  a  factor  in,  260 
color  of  skin  as  a  factor  in,  260 
definition  of,  264 
dL«^ease  as  a  factor  in,  2()4 
examples  of,  265 
filtration  as  a  factor  in,  264 
irritants  as  a  factor  in,  260 
k)cation  as  a  factor  in,  260 
to  radium,  259,  266 


Idio63rnarasy,  sex  as  a  factor  in,  259 
subsequent  irradiation  as  a  factor 

in,  263 
summary  of  subject  of,  267 
texture  of  skin  as  a  factor  in,  259 
unusual  results  due  to,  266 
to  x-rays,  258 
Immimity  to  experimental  cancer,  action 
of  x-rays  and  radium  on,  210 
to  tuberculosis,  effect  of  x-rays  and 
radium  on,  210 
Indirect  technic.     See  Technic. 
Induction  coil,  characteristics  of,  96 
physics  of,  54 
theory  of,  55 
Infectious  eczematoid  dermatitis,  x-ray 

treatment  of,  361 
Inhibition,  effect  of  x-rays  and  radium 

due  to,  275 
Instruments  used  to  measure  quality  of 
x-rays,  108 
in  measuring  x-rays,   105 
Intensity,  reduction  of,  by  aljsorption, 

152 
Intensive  dose,  286 

versus  fractional  treatment,  287 
Interrupter,  electroljrtic,  56 
hammer  break,  56 
mercury,  58 
Interrupterless  transformer,  characteris- 
tics of,  97 
description  of,  63 
sources  of  trouble  with,  65 
Interrupters,  characteristics  of,  97 
Intertrigo,  x-ray  treatment  of,  370 
Intestines,  action  of  x-rays  and  radium 

on,  212 
Inverse  current,  detection  of,  by  oscillo- 
scope, 61 
difficulty  of  preventing,  97 
effect  of,  on  milliammeter  read- 
ings, 106 
prevention   of,    with    rectifiers 

and  valve  tubes,  61 
use  of  condenser  to  prevent,  56 
Iodoform,  color  of,  changed  by  x-rays. 

117 
Ionization  by  cathode  rays,  32 
theory  of,  28 
therapeutic  and   biologic  action  of. 

38 
x-rays  measured  by,  126 
Irritants  as  an  idiosyncratic  factor,  260 
Ischemia  as  a  factor  in  radiosensitive- 

ness;  270 
Itching.     See  Pruritus. 


K.\posi\s  sarcoma.     Sec  Sarcoma. 
Keloid,  acne.    See  Dermatitis  papillaris 
capillitii. 
clinical  tyi)es  of,  in  relation  to  irra- 
diation effects,  496 
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Keloid,    combination    of    excision    and 

irradiation  in  treatment  of,  499 

comparison  of  results  obtained  with 

irradiation  and  other  methods  for 

treatment  of,  498 

historical  sketch  of  x-ray  treatment 

of,  49(5 
I)ost-surgical    prophylactic    irradia- 
tion of,  498 
radium  treatment  of,  501 
results  of  irradiation  of,  500 
sequelae  of,  500 

technic  for  x-ray  treatment  of,  501 
Keratoderma  palmaris  et  plantaris,  x-ray 

and  radium  treatment  of,  493 
]\eratodermata,   congenital,   x-ray   and 

radium  trt^atment  of,  493,  494 
Kerat(xses   due   to   x-rays,   pathological 
histolog>'  of,  256 
senile,  x-ray  and  radium  treatment 

of,  476 
of  xeroderma  pigmentosum,  x-ray 

and  radium  treatment  of,  AKi 
x-rays  the  cause  of,  225 
Keratosis,  arsenical,  x-ray  treatment  of, 
478 
follicularis,  x-ray  and  radium  treat- 
ment of,  482 
importance  of  diagnosis  of,  478 
seborrheic,  x-ray  and  radium  treat- 
ment of,  477 
varieties  of,  476 

x-ray,  result  of  irradiation  of,  478 
technic  for  radium  treatment 
of,  480 
Kerion.     See  Tinea  tonsurans 
Kidneys,  action  of  x-rays  and  radium  on, 

212 
KienlMick  quantimeter,  112 

units,    comparison    of,    with    Holz- 
knecht  units,  138 
Kilo  volt  meter,  milliammeter  and  spark 

gap,  comparison  of,  HI 
Kilo  voltmeters,  description  and  uses  of, 

107 
Kingery's  method  of  estimating  satura- 
tion and  accumulation,  270 
Kraurosis  vulvae,  x-ray  and  radium  treat- 
ment of,  481 


Laws,  physical,  for  filtered  x-rays,  163 
in  relation  to  indirect  technic, 
13() 
Ix^-ad  foil,  sparking  from,  when  u.sed  as 
x-ray  shield,  102 
radiodermatitis  caused  by  second- 
ary rays  from,  229 
soft,  secondary  radiation  from,  197 
I-.ead-glass  bowl  for  protection  against 

x-rays,  102 
Lecithin  hypothesis,  205 
'^  Ixjhard  tube,  18 
38 


Ijeprosy,  explanation  of  irradiation  ef- 
fects on,  278 
irradiation  of,  508 
Leucoderma  i)soriaticum.     See  Psoriasis. 
Leukemia  cutis,  explanation  of  irradia- 
tion effects  on,  278 
x-ray  treatment  of,  440 
Leukocytes,  effect  of  x-rays  and  radium 

on,  209 
Leukoplakia,   x-ray  and  radium   treat- 
ment of,  480 
Li(!hen  obtusus  corneus,  x-ray  treatment 
of,  403 
|)lanus,  acute  exanthem  type,  x-ray 
treatment  of,  390 
explanation   of   irradiation  ef- 

ifects  on,  277 
generalized,  x-ray  treatment  of, 

392 
historical  sketch  of  x-ray  and 

radium  treatment  of,  389 
hypertrophicus,     x-ray     treat- 
ment of,  392 
irradiation   versus  arsenic  and 
mercurv    in    the    treatment 
of,  394" 
localized,    x-ray   treatment  of, 

392 
of    the    mucous    membranes, 

x-ray  treatment  of,  392 
radium  treatment  of,  397 
sequela*  of,  396 
technic  for  x-ray  treatment  of, 

397 
types  of,  389 

verrucosus,  x-rav  treatment  of, 
392 
scrofulosorum,  x-ray  treatment  of, 

466 
simplex  (Vidal).     See  Neuroderma- 
titis, 
urticatus,  x-ray  treatment  of,  553 
Lichenification.    See  Neurodermatitis, 
lipoma,  irradiation  of,  507 
Lithium  chloride,  color  changes  in,  pro- 
duced by  x-rays,   117 
Location    as    an    idiosyncratic    factor, 

260 
Lupoid,  miliary.    See  Sarcoid. 

sycosis.    See    Ulerythema    sycosi- 
forme. 
Lupus  erythematosus,  historical  sketch 
of  x-ray  treatment  of,  453 
radium  treatment  of,  455 
seciuela*  of,  455 
tecnnic  for  x-ray  treatment  of, 

454 
topical   remedies   and   irradia- 
tion in  treatment  of,  455 
types  of,  453 

value  of  x-ray  treatment  in,  453 
pernio,  x-ray  treatment  of,  466 
tumidus,  x-ray  treatment  of,  446 
vulgaris,  atrophic,  results  of  irradi- 
ation of,  445 
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Lupus  vulgaris,   atrophy   and  scarring 
subsequent  to,  451 
cancer  in  scar  tissue  of,  450 
clinical  types  of,  in  relation  to 

results  of  irradiation,  445 
comparative  results  with  irradi- 
ation and  other  treatments 
for,  447 
explanation  of  irradiation  effects 

on,  278 
filtered  x-rays  in  treatment  of, 

452 
historical  sketch  of  x-ray  treat- 
ment of,  443 
multiple  disseminated,  effect  of 

irradiation  in,  445 
radium  treatment  of,  452 
results  of  irradiation  combined 
with  other  treatments  for,450 
serpiginous,   effect   of   irradia- 
tion in,  446 
technic  for  x-ray  treatment  of, 

451 
ulcerative,  results  of  irradiation 
of,  445 
Lymphangioma,   angio-,   radium   treat- 
ment of,  492 
cavemosum,  x-ray  and  radium  treat-  i 

ment  of,  492 
circumscriptum,  x-ray  and  radium 

treatment  of,  492 
varieties  of,  492  | 

Lymphangitis,    chronic,    treatment    of,  i 

with  x-rays,  321 

Lymphogranulomatosis    cutis,    ex])lana-  j 

tion  of  irradiation  effects  on, ! 

•     278  I 

x-ray  treatment  of,  440  i 

Lymphoid  tissue,  effect  of  x-rays  and 

radium  on,  210 
Lymphosarcoma.    See  Sarcoma. 
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Mache  unit,  176 

Mammary  glands,  action  of  x-rays  and 

radium  on,  212 
Margin  of  safety,  150 
Massive  dose,  286 
Match-box  dermatitis.     See  Dermatitis 

venenata. 
Matter  electron  theory  of,  26 
Medication,  local  effect  of,  on  x-ray  and 

radium  treatment,  295 
Medico-legal,  acknowledged  want  of  skill,  | 
565 
antecedent  condition  of  patient,  582 
examination  of  patient,  574 
lectures,  writings  and  letters  of 
defendant,  574  i 

bill  of  particulars,  574 
care  and  skill  required  in  diagnosis 
as  well  a.s  treatment,  5t>4  i 

claim  and  suit,  572  I 


Medico-legal,   compromise    settlements, 
574 
conclusions,  585 
consent  to  treatment,  5t56 
contributory  negligence,  582 
defenses,  577 
definition  of   medical    practitioner, 

558 
duration  of  treatment,  568 
establishing    standard    of     profes- 
sional skill,  563 
estoppel,  582 
expert  witnesses,  575 

of  different  school  of  medi- 
cine, 576 
who  are  not  ph>'sicians,  576 
exi)ress  or   implied   understanding, 

566 
failure  to  keep  accurate  records,  503 
to  warn  of  idiosyncrasy  or  hy- 
pcrsensitiveness,  564 
of  risk  or  danger,  564 
idiosyncrasy  as  a  defense,  582 
importance  of  accurate  records  of 

treatment^  574 
legal  regulation  of  medical  practice. 
557 
status  of  roentgenologists,  558 
liability  of   charitable    institutions, 
571 
of  nurses,  571 
of  private  institutions,  571 
for    sequelae    of    radioderma- 

titis,  578 
for  work  done  in  hospitals  and 

dispensaries,  570 
not  affected  by  compensation, 
569 
malpractice,  557 
mitigation  of  defenses,  583 
negligence  in  making  diagnosis  and 

giving  treatment,  559 
no  cause  for  action,  579 
personal  and  impersonal  diagnosis, 

564 
physician  not  an  insurer,  567 
physician's  liability  insurance,  572 
policy  for  liability  insurance,  572 
preliminary    tests    for    hypersensi- 

tiveness,  564 
preparation  for  trial,  574 
professional  skill  standardized   by 

expert  witnesses,  575 
relation    between     physician     and 

patient,  558 
release  of  liability,  565 
requisite  skill  and  care,  558 
res  ipsa  loquitur  doctrine,  579 
responsibility  of  physician  for  asso- 
ciates and  assistants,  569 
right  to  adequate  compensation,  569 
settlement  out  of  court,  574 
statute  of  hmitations,  577 
surgeon,  the  representative  pro  hoc 
vice  of  patient,  567 
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Medico-legal,  the  trial,  585 

waiver,  581 
Melanoma.    See  Sarcoma. 
Mercury  interrupter,  58 
Micro6rganisms,    effect   of   x-rays    and 

radium  on,  203 
Milliammeteras  a  polarity  indicator,  107 
effect  of  inverse  current  on  reading 
of,  106 
of  leakage  on  readings  of,  106 
inaccuracies  of,  106 
spark  gap  and  kilovoltmeter,  com- 
parison of,  111 
Milliammeters,  description  of,  106 
Milliamp^rage,   method  of  establishing 
and  maintaining,  144 
importance  of  in   indirect  technic, 
135 
in  producing  x-rays,  93 
Milliampere  minutes,  explanation  of,  141 
Millicurie  hours,  184 

unit  of  measurement,  176 
Molecules,  construction  of,  26 
Moles.    See    Nevus    pigmentosus    and 

Sarcoma. 
Molluscum     contagiosum,     x-ray     and 
radium  treatment  of,  506 
fibrosum,  irradiation  of,  507 
Monilethrix,  x-ray  treatment  of,  495 
Motion  of  patient,  methods  of  preven- 
tion of,  146 
Motor,  synchronous,  64 
Motor-converter,  64 
Mucous  membranes,  radiodormatitis  of, 
224 
sensitiveness  of,  to  x-rays  and 
radium,  225 
Muscles,  changes  in,    following   irradi- 
ation, 248,  250,  255 
Mycosis  fungoidos.     See  Granuloma  fun- 

goides. 
Myoma,  irradiation  of,  507 
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Nails,  effect  of  x-rays  and  radium  on,  225 
Nervous  system,  action  of  x-rays  and 

radium  on,  212 
Neuralgia,     radicular    radiotherapy    in 
treatment  of,  403 
x-ray  treat inent   of,  399 
Neurodermatitis,     (circumscribed,    x-ray 
and  radium  treatment  of,  365 
disseminated,    x-ray   treatment   of, 

367 
radicular  radiotherapy  in  treatment 
of,  403 
Neuroma,  irradiation  of,  507 
Nevi,  explanation  of  irradiation  effects 

on,  275 
Nevus  flammeus.     *S'(('  Angioma. 

lymphangiectodes.     See   Ljanphan- 
gioma. 


Nevus   pigmento?U3,  x-ray  and   radium 

j  treatment  of,  492 

I         piloBUSj  x-ray  and  radium  treatment 

'  of,  493 

I  telangiectodes,  treatment  of,  with 
radium,  495 

j         vasculosus.    See  Angioma. 

'  verrucosus,  x-ray  and  radium  treat- 
ment of,  493,  49  i 


Oblique  and  direct  rays.  293 
Occupational   eczema.    See   Dermatitis 

venenata  and  Eczema. 
Ohm,  30 
Oil-immersed    x-ray    generating    outfit, 

description  of,  7 1 
Onychomycosis,  radium  treatment  of,352 
x-ray  treatment  of,  349 
technic  of,  350 
Open  magnetic  circuit,  55 
Opsonic  index,  effect  of  irradiation  on, 

274 
Oscilloscope,  61 
Osmosis  vacuum  regulator,  84 
Ovary,  effect  of  x-rays  and  radium  on,208 


Paget's  disease,  x-ray  and  radium  treat- 
ment of,  545 
Pain,  relief  of,  with  x-rays  and  radium, 

279,  399 
Papilloniata  of  the  skin  and  mucosae, 

irradiation  of,  473 
Parakeratosis  variegata.     See  Parapsori- 
asis. 
Parajxsoriasis,  x-ray  treatment  of  various 

varieties  of,  387 
Parasitic  rays,  37 
Paronychia,  x-ray  and  radium  treatment 

of,  320 
Pastille,  chemical  construction  of,  130 
chemistr>'  of  color  change  in,  131 
effect  of  color  blindness  in  estimat- 
ing color  changes  in,  134 
of  heat  on,  130 
of  humidity  on,  131 
of  ultraviolet  rays  on,  131 
of  x-rays  and  radium  on,  131 
manufacture  of,   130 
measurement,  accuracy  of,  133 
preservation  of,  132 
readings,  comparison  of,  with  arith- 
metical     computa- 
tion, 141 
with  skin  effects,  138 
use  and  preservation  of,  130 
with  filtered  x-rays,  164 
Patholog>'   of  bloodvessels  after  irradi- 
ation, 248,  250,  255 
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Pathology,  changes  in  the  derma  follow- 
ing irradiation,  238,  239,241, 
244,248 
in  the  epidermis  following  irra- 
diation, 237,  241,  244,  254 
of  elastic  tissue  after  irradiation,  256 
general  summary  of,  254 
of  human  skin  after  irradiation,  244 
of  muscular  tissue  after  irradiation, 

248,  250,  255 
of  skin  of  guinea-pigs  after  irradia- 
tion, 239,  242 
of  pigs  after  irradiation,  240, 

242 
of  rabbits  after  irradiation,  242 
of  white  mice  after  irradiation, 
237 
of  subcutaneous  tissue  after  irradia- 
tion, 248 
Pemphigus,  ar-ray  treatment  of  various 

types  of,  552 
Penetrometers,  comparative  scale  of,  110 

description  of,  108 
Pernio,  x-ray  treatment  of,  466 
Photographic  measurement  of  quantity, 

111 
Physical  laws  for  filtered  x-rays,  163 
in  relation  to  technic,  136 
Piffard  tube,  20 

Pigmentation    caused    by    x-rays    and 
radium,  223 
due  to  x-rays  and  radium,  treatment 
of,  234 
Pityriasis  rosea,  x-rays  in  the  treatment 
of,  552 
rubra  pilaris,  x-ray  treatment  of,  552 
Plant  hfe,  effect  of  x-rays  and  radium  on, 

205 
Plastic  surgery,   removal  of  hair  with 

x-rays  and  radium  in,  421 
Pompholyx,  x-ray  and  radium  treatment 

of,  410 
Porokeratosis,  x-ray  treatment  of,  473 
Portable  transformers,  characteristics  of, 
96 
description  of,  68 
Port-wine  mark.    See  Angioma. 
Positive  rays,  33 
Potassium  carbonate,  color  of,  changed 

by  x-rays,  117 
Potential  and  difference  of  potential,  28, 

30.     See  Voltage. 
Pregnancy,  action  of  x-rays  and  radium 

on,  204 
Prickle-cell  epithelioma.     *SVc  Epitheli- 
oma. 
Primrose    dermatitis.     See    Dermatitis 

venenata. 
Protection  for  operator  and  patient  in 
radium  therapy,  201 
from  electrical  snock,  101 

radium,      for     operator     and 

patient,  103 
x-rays,  102 
screen  and  booth,  77 


Prurigo  ferox,  x-ray  treatment  of,  403 

of  Hebra,  x-ray  treatment  of,  403 

mitis,  x-ray  treatment  of,  403 

nodularis,  x-ray  treatment  of,  403 
Pruritus  ani,  technic  for  x-ray  and  ra- 
dium treatment  of,  401 

combination  of  topical  remedies  and 
irradiation  in  the  treatment  of, 
401 

complications  of,  effect  of  irradia- 
tion on,  401 

explanation  of  irradiation  effects  on. 
279 

generalized,  x-ray  treatment  of,  399 

radicular  roentgen  therapy  for,  403 

radium  treatment  of,  403 

regional,  treatment  of,  with  x-rays 
and  radium,  400 

scroti,  technic  for  x-ray  and  radium 
treatment  of,  402 

vulvae,  technic  for  x-ray  and  radium 
treatment  of,  402 
Psoriasis,  acquired  resistance  to  irradia- 
tion in,  282,  381 

clinical  types  of,  378 

combination  of  topical  remedies  and 
irradiation  in  treatment  of,  401 

contraindications  for  irradiation  of, 
384 

explanation  of  irradiation  effects  on, 
277 

of  jface,  x-ray  treatment  of,  385 

filtered  x-rays  in  the  treatment  of, 
386 

of  hands  and  feet,  x-ray  treat- 
ment of,  385 

involution  of  lesions  beyond  field  of 
radiation  in,  381 

leucoderma  psoriaticum,  a  sequela 
of,  386 

nidicular  radiotherapy  in  treat- 
ment of,  403 

radiosensitiveness  of  lesions  of,  381 

radium  treatment  of,  386 

recalcitrant  lesions  of,  381 

regional,  x-ray  and  radium  treat- 
ment of,  385 

routine  x-ray  treatment  of,  384 

of  scalp,  x-ray  treatment  of,385 

of  scrotum,  x-ray  and  radium 
treatment  of,  386 

treatment  of  generalized  eruptions 
of,  382 
of  recurrent  eruptions  of,  382 

value  of  x-rays  and  radium  in,  379 

x-ray  dosage  for,  383 
Psorospermosis.    Se^  Keratosis  follicu- 
lar is. 


Quality  and  quantity,  comparison  and 
discussion  of,  299 
in  terms  of  wave  lengths,  107 
of  x-rays,  explanation  of,  107 
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Quality  of  x-rays,  iiLstrumcntJS  used   to 

measure,  108 
Quantimeter,  Kienbock,  112 
Quantity  and  quality,  a  comparison  and 
discussion  of,  299 
photographic  method  of  measure- 
ment of,  111 
table  of  units  of,  129 
x-rays,  methods  of  estimation  of ,  1 11 


Radiator  Coolidge  tube,  characteristics 

of,  96 
Radicular  roentgen  therapy,  403 
Radioactive  elements,  enumeration  and 
description  of,  44 
occurrence  of,  in  Nature,  47 
radiations  from,  48 
Kadiodermatitis,  acute,  pathological  his- 
tology of,  255 
atrophy  as  a  sequel  of,  222,  223 
cancer  as  a  sequel  of,  225 
caused  by  beta  and  gamma  rays, 
comparison  of,  228 
by  filtered  beta  and    gamma 

rays,  228 
by  radium,  description  of,  228 
by  Secondary  rays  from  lead, 

229 
by  x-rays  and  radium,  compari- 
son of,  228 
chronic,  description  of,  227 
late  ulceration  in,  225 
pathological  histolo^  of,  246 
resemblance  of,  to  scleroderma, 
223 
complications  of,  220 
delayed  reactions  of,  219 
difference  of,  due  to  hard,  soft  and 

filtered  radiation,  227 
due  to  x-rays,  214 
electric  erythema  simulating,  214 
first  degree,  description  of,  215 

treatment  of,  229 
follicular,  219 
general  treatment  of,  229 
keratoses  following,  225 
latent  period  of,  214 
medico-legal  aspects  of.     See  Med- 
ico-legal, 
of  mucous  membranes,  224 
of  nails  and  finger  tips,  225 
pathological  histology  of,  237 
pigmentation  accompanying,  treat- 
ment of,  234 
precocious  reactions  of,  219 
premonitory  signs  of,  312,  422 
second  degree,  description  of,  215 

treatment  of,  230 
sequeliE  of,  220 
superficial,    from    secondary    rays 

from  lead,  197 
t'Olangiectasia  as  a  sequel  to,  220 


Kadiodermatitis,  third  degree,  descrip- 
tion of,  217 
treatment  of,  232 
treatment  of  depigmentation  due  to, 
235 
of  sequelse  of,  234 
of  telangiectasia  due  to,  235 
unusual  features  of,  219 
vegetations  occurring  as  a  compli- 
cation of,  220 
Radiologist  and  dermatologist,  301 
Radiometer,   Corbett,    description    and 
use  of,  123 
Cox,  description  of,  125 
Hampson,  description  of,  122 
Holziuiecht,  description  of,  1 18 

use  of,  121 
ionto,  description  of,  126 
Kienbock,  112 
photographic,  112 
Sabouraud  and  Noir6,  117 
Radiometers,  comparison  and  choice  of, 
128 
pastille  and  ionization,  117 
Radiometric  standardization  of  technic, 

136 
Radiotherapy.    See  Roentgen  therapy. 
Radium,  action  of,  on  bacteria,  203 
on  plant  life,  205 
on  pregnant  animals,  204 
applicator.    See  also  Appliciitors. 
phenomena  of,  167 
standardization  of,  190 
biochemical  action  of,  202 
biological  explanation  of,  action  of, 

205 
chemical  action  of,  202 
decay  of,  167 

dermatitis.     See  Radiodermatitis. 
description  of,  45 
discovery  of,  22 

effect  of,  on  animal  organs  and  tis- 
sue, 208 
on  embryological  development, 
204 
element  applicators,  description  of, 
186 
flat,  189 
emanation.    See  also  Emanation, 
activity  of,  174 
applicators,      description      of, 

183 
collection  of,  168 
dosage  of,  183 
physics  of,  51 
enz>Tnati(;  action  of,  202 
explanation  of  action  of,  on  patho- 
logical tissue,  268 
idiosyncrasy  to.    See  Idiosyncrasy 
inhibitory  action  of,  275 
medico-legal  aspect  of.    See  Medico- 
legal, 
microcirganisms  affected  by,  203 
pathological  histology  of,  237 
physics  of  active  deposits  from,  51 
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Radium,  protection  from,  for  operator  | 
and  patient,  103,  201  I 

rays,  scattering  of,  51 
reactions,  systemic,  293 
secondary  rays  produced  by,  51 
stimulating  action  of,  268 
testing  of,  by  Government,  186 
therapy,  birth  of,  25 

comparison  of,  with  emanation 

therapy,  177 
cross-fire  in,  199 

equipment  for,  201,  302  j 

filtration  in,  194 
intervals   between   treatments,  i 
201  1 

standardization   of   dosage   in, 
197  I 

treatment  of  concave  surfaces, 
200  I 

of  convex  surfaces,  200 
of  deep-«eat€d  IcsioiLs,  198    i 
of  flat  surfaces,  200 
treatment*?,  rest  intervals  between, 

287 
versua  x-ra>T3,  300 
Raynaud's  disease,  j-ray  treatment  of, 

552 
Reaction,  systemic,  following  irradiation 

of  granuloma  fungoides,  435 
Reactions,    local,    caused    by   x-ray   or 
radium.    See  Radiodermatitis. 
systemic,  293 
Records,  importance  of,  and  method  of 
keeping,  loO 
me^dico-legal    importance     of,    563, 
574.     See  Medico-legal. 
Rectifiers  for  use  with  induction  coil,  61 
Rectifying  switch,  64 
Resistance,  acquired,  282 
Rheostat,    comparison    of,    with    auto- 
transformer,  68,  9S 
description  of,  60 
Rhinophyma,  treatment  of,  with  j-rays 

and  radium,  314 
Rhinoscleroma,  exi)lanati()n  of  irradia- 
tion effects  on,  278 
historical  sketch  of  x-ray  treatment 

of,  504 
results  of  x-ray  and  radium  treat- 
ment of,  504^ 
technic  for  x-ray  and  radium  treat- 
ment of,  505  ' 
lUius  dermatitis.     Sec  Dermatitis  vene- 
nata. 
Ringworm.     See  also  Tinea. 

of  heard.     See  Tinea  barhjp. 

eczema toi( I.     See  Eczema. 

of  glabrous  skin,  x-ray  treatment  of, 

352 
of  nails.     See  Onychomycosis. 
H(K^ntgen  dermatitis.     See  Radioderma- 
titis. 
ravs,  absorption  of,  bv  matter,  39, 
152 
accumulative  effect  of,  270 


Roentgen  rays,  action  of,  on  bacteria,  203 
on  plant  life,  205 
on  pregnant  animals,  204 

analgesic  action  of,  399 

apphcation  of,  to  nerve  trunks 
for  relief  of  peripheral  itching 
and  pain,  403 

biochemical  action  of,  202 

biological  explanation  of  action 
of,  205 

cause  of  heterogenity  of,  34 

chemical  action  of,  202 

color  of  barium  platinocyanide 
changed  by,  117 

comparison  with  gamma  rays, 
49 

cross-fire  treatment  with,  295 

effect  of,  on  animal  organs  and 
tissues,  208 
on  lesions  at  a  distance,  300 
on  sweat  glands  and  seba- 
ceous glands,  406 

embryological  development  ef- 
fected by,  204 

enzvmatic  action  of,  202 

explanation  of  action  of,  on 
pathological  tissue,  268 

filtered,  comparison  of  effects 
of,  with  those  of  unfilt- 
ered  rays,  295 
radiodermatitis  due  to,  227 
versus  unfiltered,  295 

first  diseases  to  be  treated  with, 
19 

hard  and  soft,  84 

i(^ios>^lc^usy  to.  See  Idios>Ti- 
crasv. 

inhibitory  action  of,  275 

instruments  used  for  measuring, 
105 

intensity  of,  reduced  by  al^sorp- 
tion,  152 

hthium  chloride,  iodine,  iodo- 
form, and  iK)tjissium  carbo- 
nate changed  in  color  by,  117 

medico-legal  aspect  of.  See 
Medico-legal. 

micToorganisms  affected  by,  203 

origin  and  production  of,  34 

pathological  histologj'  of,  effects 
of,  237 

Ix?netrabiHty  of  various  wave 
lengths  of,  41 

physics  of,  34 

protection  from,  for  o|K»rator 
and  patient,  102 

quality,  meaning  of,   107 

and   quantity   of,   general 
discussion  of,  299 

reason  for  {)enetrability  and 
difference  in  jx^netrabilitv  of, 
35 

result  of  irradiation  of  kera- 
toses due  to,  478 

scattering  of,  37 
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Roentgen  rays,  secondary  rays  created  j  Secondary  radiations,  absence  of,  from 
by,  36  aluminium,  197 

spectrum  of,  34  '  from  lead,  197 

stimulating  action  of,  268  i  produced  by  x-rays,  36 

treatment  of  deep-seated  and  rays,    elimination    of,    in    radium 

thick  lesions  with,  298  therapy,  197 

i;€T6i/,s  radium,  300  I  produced  by  radium,  51 

wave  lengths  of,  34  ,  Self-rectifying  Coolidge  tube,  description 

reactions,  systemic,  293  of,  91 

following     irradiation     of  i  Semi-intensive  dose,  286 

mycosis  fungoides,  435     Sensitiveness  of  skin  to  x-rays  and  ra- 
therapy,  birth  of,  19  dium.    See  Idiosyncrasy. 

of  convex  and  concave  surfaces,    Sex  as  an  idiosyncratic  factor,  259 

292  I  Skin,  color  of,  as  an  idiosyncratic  factor, 

danger  signs  during,  422  260 

equipnient  advised  for,  302  '  dry,  following  irradiation,  treatment 

of  large  lesions  on  flat  surfaces  ,  of,  236 

290  i  excessive  dryness  of,  produced  by 

optimistic,  pessimistic  and  real-  ^  x-rays,  406 

istic  eras  of,  19  histopathological  study  of  irradia- 

radicular,  403  i  tion  effects  on.    See  Pathology, 

rest  intervals  between,  287  '  pathological  histology  of  effect  of 

of  small  lesions,  289  i  x-rays  and  radium  on,  237 

Roentgenization,  generalized,  292  sensitiveness    of,     to    x-rays    and 

Roentgenography,  birth  of,  19  |  radium.     See  Idiosyncrasy. 

Roentgenologist  and  dermatologist,  302  texture  of,  as  an  idiosyncratic  fac- 

Rosacea,  treatment  of,  with  x-rays  and  tor,  259 

radium,  313  i  unit,  standardization  of,  286 

Rotar>'  converter,  64  Spark  gap,  as  a  safety  device  for  coil  and 

Ruhmkorff  coil,  55  '  transformer,  55 

!  characteristics  of,  99 

Q  comparison  of,  with  kilovolts, 

^  I  100 

Sabouraud  and  Noird  radiometer,  117  importance  of,  in  indirect  tech- 

Sarcoid,  x-ray  and  radium  treatment  of,  '  nic,  135 

463  I  length,  method  of  establishing 

Sarcoma,     explanation     of     irradiation  i  and  maintaining,   144 

effects  on,  2S0  i  millianimcter      and      kilovolt- 

giant-cell,  r;i(liuinfisas])ec'ificin.546  meter,  comparison  of.  111 

Kaposi    t yi)e,    x-ray    and    radium  '  Spider  nevus.     See  Angioma. 

treatment  of,  54S  i  SquamousH-ell    epithelioma.     See    Epi- 

result  of  irradiation  in  various  types        thelioma. 

of,  546  I  Static  machine,  21,  54 

types  of,  in  relation  to  irradiation  >  Step-down    transformer,    characteristics 

effects,  546  of,  99 

variations  in  radiosensitiveness  of,  comparison   with  storage  bat- 

280  j  tery,  98 

Saturation   doso,   Kingery's  method  of  for  Coolidge  filament  current,90 

ascertaining,  270  Step-up  transformer.    See  Interrupter- 

Scattered  rays,  37,  51  less  transformer. 

Scleroderma,     chronic;     radiodermatitis  i  Stomach,  action  of  x-rays  and  radium  on, 
resembling,  553  I      212 

radiodermatitis  resembling,  223         Storage  battery,  characteristics  of,  99 
x-ray  treatment  of,  552  comparison  of,  with  step-down 

Scrofuloderma,  x-ray  and  radium  treat-  transformer  for  Coolidge  fila- 

ment of,  459  ,  ment  current,  98 

Screening.     Sev  Filtration.  for  (Coolidge  filament  current, 

Sebaceous  glands,  effect  of  x-rays  and  486 

radium  on,  224  use  of,  when  there  is  no  current 

latholo^ical  histology  of  after-  '  supply,  54 

irradiation,  238,  248  ;  Strawberry  mart.     See  Angioma. 

Seborrhea,    explanation    of    irradiation    Subfractional  dose,,  286 
effects  on,  279  Subintensive  dose,  286 

Selx)rrheic   dermatitis   or  eczema.     See '  Sudoriferous  glands.     See  Sweat  glands. 
Dermatitis  and   Kczema.  Superfluous  hair.     See  Hypertrichosis. 
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Surgery,  plastic,  removal  of  hair  with 

x-rays  and  radium  in,  421 
Susceptibility    to   x-rays    and    radium. 

See  Idiosyncrasy. 
Sweat  glands,  eflfect  of  x-rays  and  radium 

on,  224,  406 
Sweating,  excessive.     See  Hyperidrosis. 
Sycosis  parasitica.    See  Tinea  barbse. 
staphylogenica.    See    Sycosis    vul- 
garis, 
vulgaris,  combination  of  x-rays  and 
topical  remedies  in  the  treat- 
ment of,  319 
explanation    of   irradiation  ef- 
fects on,  278 
I)roduction  of  permanent  alo- 
pecia in,  318 
radium  treatment  of,  319 
treatment  of,  with  x-rays,  315 
technic  of,  317 
Synchronous  motor,  64 
S3movial  lesions  of  the  skin,  x-ray  and 

radium  treatment  of,  555 
Syphilis,  irradiation  of,  509 

explanation  of  irradiation  effects  on, 
278 
Syringoma,  irradiation  of,  507 
Systemic  reactions,  293 


Takget.    See  Anticathode  and  Anode. 
Technic,  arithmetical,  unfiitered,  135 
combination  of  direct  and  indirect, 

148 
constants  or  factors  used  in,  135 
direct,  description  of,  and  methods 
used  for,  146 
possible  sources  of  errors  of,  149 
requirements  of,  147 
dose  chart  for  unfiitered  x-rays,  144 
emanation,  description  of,  176 

reasons  for,  177 
errors  in  distance,  298 
tutored,   arithmetical  computation, 
165 
description  of,  152 
dose  charts  for,  160 
for  l)eginners,   159 
indirect,  accuracy  of,  135 

with  apparatus  of  different 
makes,  145 
iiniKjrtance  of  exact  estimation 
of  time  factor  in,  145 
of  voltage,  milliamp^Tage, 
time  and  distance  in,  135 
method  of  measuring  and  main- 
taining disUmce  for,  145 
obtaining   the   factors  or   con- 
stants for,   143 
physical  laws  governing,  136 
IKjssiblc  sources  of  error  of,  148 
radiometric  standardization  of, 
136 


Technic,  indirect,  standardization  of,  by 
skin  effects,  135 
use  of  equations  in,  137 
margin  of  safety  in,  150 
practical,  143 
radium,  cross-fire,  199 

description  and  methods,  167 

emanation,  178 

filtration  in,  194 

intervals  between   treatments, 

201 
loss  of  intensity  by  distance  and 

by  absorption,  195 
standardization  of  dosage,  197 
treatment  of  concave  surfaces, 
200 
of  convex  surfaces,  200 
of  deepHseated  lesions,  198 
of  flat  surfaces,  200 
training  necessary   for   beginners, 

150 
unfiitered,  for  thg  lieginner.  149 
Telangiectasia  as  a  sequel  to  radioderma- 
titis,  220 
due  to  x-rays,  treatment  of,  235 
pathological  histology  of,  after  irra- 
diation, 256 
radium  treatment  of,  495 
Testicle,  effect  of  x-rajrs  and  radium  on, 

208 
Thorium,  46 
Thyroid,  action  of  x-rays  and  radium  on, 

211 
Time,  importance  of  exact  estimation  of, 

145 
Tinea  barbae,  Kienbock  method  for  x-ray 
treatment  of,  347 
radiimi  treatment  of,  349 
sanitation  and  topical  remedies 
combined    with    x-rays     in 
treatment  of,  349 
x-ray  dose  for,  348 
treatment  of,  347 
technic  of,  347 
circinata.    See    Ringworm    of    the 

glabrous  skin, 
eczematized.     See  Ex;zema. 
favosa.    See  Favus. 
of   the    glabrous   skin.     See   King- 
worm, 
of  the  nails.    See  Onychomycosis, 
tonsurans,  Adamson-Kienbock  tech- 
nic for  treatment  of,  326 
advisability  of  depilating  entire 

scalp,  339 
age  of  patients,  326 
criterion  of  cure,  338 
dangers  in  x-ray  treatment  of, 

336 
depilation  following  x-ray  treat- 
ment of,  334 
eradication  of  by  x-ray  treat- 
ment, 325 
events    subsequent    to    x-ray 
treatment  of,  334 
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Tinea  tonsurans,  fixation  of  head  for 
x-ray  treatment  of,  332 

fractional  vernus  intensive  treat- 
ment of,  343 

Iiistorical  sketch  of  x-ray  treat- 
ment of,  323 

kerion,  'x-ray  treatment  of,  342 

management  subsequent  to 
x-ray  treatment  of,  338 

margin  of  safety  in  x-ray  treat- 
ment of,  332 

permanent  alopecia  following 
x-ray  treatment  of,  336 

ix)ssibility  of  brain  injury  fol- 
lowing x-ray  treatment  of,  336 

preparation  of  patient  for  x-ray 


Tuberculosis  verrucosa  cuUs,  x-ray  and 

radium  treatment  of,  458 
Tuberculous  adenitis,  radium  treatment 
of,  462 
results  of  irradiation  of,  460 
technic  for  x-ray  treatment  of, 
462 


Ulcerating  granuloma  of  the  pudenda, 

x-ray  treatment  of,  509 
Ulcers,    chronic    staphylococcic,    x-ray 
treatment  of,  321 
due  to  x-rays  or  radium.    See  Hadio- 
dermatitis. 
I  Ulerythema  sycosiforme,  treatment  of, 


treatment,  326 
radium  treatment  of,  344 
recurrences  sul>sequent  to  x-ray  \     with  x-rays,'  321 

treatment  of,  339  I  Ultra-intensive  dose,  286 

reinfection  or  recurrence,  treat- 1  Unit,  emanation,  176 


caused    by 


ment  of,  339 
sequelae    of,    not 

x-rays,  342 
technic  for  x-ray  treatment  of, 

326 
treatment  of  single  patch  of, 

340,  342 
value  of  x-ray  treatment  of,  324 
x-ray  dose  for,  331 


Mache,  176 
skin,  standardization  of,  286 
United  States  Army  bedside  unit,  descrip- 
tion of,  69 
Units,  Holzknecht,  value  of,  121 

Kienbock  and  Holzknecht,  compari- 
son of,  138 
of  quantity,  table  of,  129 
Uranium,  45 


Tissue,  human,  alworption  of  x-rays  by.    Urticaria,  x-ray  treatment  of,  553 


pigmentosa,  x-ray  treatment  of,  553 


15:3 
Toile  applicator,  191 
Toilet  seat  dermatitis.     See  Dermatitis 

venenata.  I 

Tonsils,  effect  of  irradiation  on,  211  |  ^ 

Toxic  reactions  following  irradiation  of  I 

granuloma  fungoides,  435  Vacuum,  regulation  of,  84 

Trachoma,  x-ray  and  radium  treatment '  Valve  tul>e8,  61 

of,  552  ,  V^ernal  catarrh,  x-ray  and  radium  treat- 

Training,  technical,  for  Ix'ginncrs,  150      ,      ment  of,  553 
Transformer,  internipterless.     See  Inter-  '  Verruca  caused  by  x-rays.     See  Kera- 


rupterless  transformer, 
step-down.    See   Step-down  trans- 
former, 
step-up.    Sec  Interrupterless  trans- 
former. 
Transformers,    i)ortable,   description  of 

68 
Transmission,    losses   of,    effect   of,    on 

milliammeter  readings,  106 
Treatment  of  large  lesions  on  flat  sur- 
faces, 290 
of  small  lesions,  289 
Treatments,  rest  intervals  between,  287 
Tricho-epithelioma.     See  Epithehoma. 
Tuberculide,  papulo-necrotic,  x-ray  treat- 
ment of,  466 
Tuberculides,  x-ray  treatment  of,  466 


toses. 
explanation  of  action  of  x-rays  and 

radium  on,  276 
filiformis,  irradiation  of,  473 
necrogenica.     See  Tuberculosis  ver- 
rucosa cutis, 
plantaris.     Se^.  Callositas. 
planum  juveniles,  irradiation  of,  473 
venereal,  x-ray  treatment  of,  473 
vulgaris,  filtered  x-rays  in  the  treat- 
ment of,  472 
involution  of  lesions  of,  beyond 

the  field  of  radiation,  470 
radium  treatment  of,  472 
results  of  irradiation  of,  469 
technic  for  x-rav  treatment  of, 
471 


Tuberculasis,  effect  of  x-rays  and  radium  !  Verrucse,  miscellaneous,  x-ray  and  rad- 
on, immunity  to,  210  |      ium  treatment  of,  473 

explanation  of  irradiation  effects  on,  ,  Verrucous  nevi,  x-ray  and  radium  treat- 
278  ^.'ne'^t  "^  493,  494 

orificialis,  x-ray  and  radium  treat-  |  Vibrations,  electromagnetic,  27 
ment  of,  456  '  Volt,  30 
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Voltage,  importance  of,  in  indirect  tech- 
nic,  135 
in  production  of  x-rays,  93 
influence    of,    on    wave    length    of 

x-rays,  35 
method  of  establishing  and  main- 
taining, 144 
spark  gap  an  indicator  of,  100 

W 

Waltek  penetrometer,   description   of, 
109 

Walter-Benoist    penetrometer,    descrip- 
tion of,  110 

Water-cooled  tubes,  83 

Warts.    See  Verruca,  Keratosis  and  Fii\)- 
illoma. 

Watt,  30 

Wave  length,  influence  of,  on  reduction 
of  intensity  by  absorption,  152 

Waves,  electromagnetic,  26 

Wehnelt  interrupter,  56 
penetrometer,  110 

Wiring  for  x-ray  lalwratory,  54 
high-tension,  74 


Xanthoma,  x-ray  and  radium  treatment 

of,  507 
Xeroderma   pigmentosum,    resemblance 
of,  to  x-ray  skin,  221,  227 
x-ray  and  radium  treatment  of, 
483 
X-ray  apparatus,  53 

dermatitis.     See  Hadiodermatitis. 
skin,  description  of  and  comparison 
of  with  xeroderma  pigmentosum, 
227 
therapy.   See  also  Roentgen  therapy. 

radicular,  403 
tulx»,  fluorescence  of,  32 
physics  of,  30,  33 
stands,  78 
tulx\s,  description  of,  82 

oix^rating  conditions  for,  93 
source  of  electrons  in,  33 
A'-rays.     See  also  Roentgen  rays, 
discovorv  of,  18 
history  of,  17 


Xanthelasma,  x-ray  and  radium  treat-  Zoster,  x-rays  and  radium  in  the  treat- 
ment of,  507  ment  of,  552 
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